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NDUSTRIAL plants are usually built before 
the underlying theory of the process is fully 
understood. Scientific study comes later, followed 
by engineering application. The refining of petro- 
leum is no exception. In fact, it reached almost its 
maximum growth unaided by 
research. 
Chemical Today the story is entirely 
Engineering different. Progress in the science 
of oil refining is now so rapid 
that the most modern plant may 
become obsolete in about five years. 

Petroleum refining is recognized as one of the 
most important branches of chemical engineering. 
It employs most of the basic unit operations and 
the modernization and improvements in the past 
fifteen years are due to the correct application of 
chemical engineering principles. The old rule-of- 
thumb days are gone forever. Laboratories are 
essential to the efficient operation of every plant. 

Chemical engineering deals with processing op- 
erations, and certainly petroleum refining is a 
process industry. The application, however, of 
theoretical principles to the processing of petro- 
leum ‘is not simple. The complex nature of crude 
oil with its hundreds of components differing from 
each other by very small increments over a wide 
range almost defies ultimate analysis. In the ten 
years of intensive study and work by the American 
Petroleum Institute and the Bureau of Standards, 
forty-five compounds have been isolated from the 


gasoline fraction of the crude alone. This is indica- 
tive of the magnitude of the problem if knowledge 
of the ultimate constitution of crude oil is to be 
secured. 

By reason of this complexity, refining equip- 
ment, particularly in distillation has been designed 
by compromise between theoretical and practical 
considerations. This compromise is usually effected 
by modification of equipment used in other indus- 
tries. We usually think of the bubble tower as 
belonging to oil distillation, yet, its origin goes 
back to the alcohol industry in 1893. 

It was over twenty years before fractionating 
columns were successfully applied to crude distil- 
lation and thirty years before general acceptance. 
But the reason is easily explained. First, the oil 
industry was not too receptive to ideas originating 
in other fields and second, the technical difficulties 
of design required a long period of development. 
That the first obstacle has been removed is readily 
apparent. 

Refineries no longer attempt to design and con- 
struct their own major equipment. The great proc- 
ess engineering and construction firms have spe- 
cialized in this field. Working against keen compe- 
tition and faced with an increasing demand for 
new equipment they have been obliged to make 
every possible improvement in design. 

It is as much the chemical engineer’s job to op- 
erate plants as to design them. Of the two, opera- 
tion is often the more difficult. The designer may 
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not anticipate every difficulty that will arise in 
operation, but the operator has to meet them with 
the plant the designer has given him. The knowl- 
edge picked up about the defects in design and 
operating problems is used to improve the next 
job. 

It is no reflection upon engineering theory that 
so much reliance must be placed upon experiment- 
al data. The assumptions for mathematical design 
of distillation equipment are fairly accurate for two 
component systems, but are grossly in error when 
applied to petroleum distillation. 

Distillation design furnishes the best example 
of the application of chemical engineering to oil 
refining because of its great importance. It is the 
governing factor in stabilization, cracking, redis- 
tillation and absorption operations. The success of 
the new solvent methods, both dewaxing and ex- 
traction, require complete and economical separa- 
tion of solvents from oil, wax and extracts. 

The greatest contribution of the chemical en- 
gineer to the petroleum industry is a new point of 
view. He accepts the fact that unit operations are 
not peculiar to any one product or to any one in- 
dustry. Experience and theoretical considerations 
show that successful operations in one industry 
are helpful in designing processes and equipment 
for use in another. This is true even though the 
products may be entirely different. 

The pipe still which is so necessary to the proper 
operation of the bubble tower is an adaptation of 
the water tube boiler. It required sixty years to 
perfect the water tube boiler because design and 
construction required so much more skill than for 
shell boilers. The engineering knowledge devel- 
oped in that period helped to give us successful 
pipe stills in the short period since 1911. Pipe stills 
demonstrate correct application of the fundamen- 
tals of fluid and heat transfer. 

Some processes, like acid treatment and cracking 
were inherited from the early coal oil industry, 
but it was not until sixty years later, with the 
advent of the Burton still, that the production of 
gasoline by cracking became a commercial success. 
Hydrogenation, which is again attracting serious 


attention, has been for many years used success- 
fully in the hardening of vegetable and animal fats 
and in the liquefaction of coal. Polymerization is 
the method by which a number of familiar plastics 
are manufactured. Both hydrogenation and poly- 
merization are essentially catalytic and success de- 
pends upon accurate control of conditions. These 
conditions have been determined by an intensive 
engineering study of the production of materials 
varying from hydrogen gas to heavy tar. 

The use of such ideas need not indicate lack of 
originality on the part of refinery engineers, but 
they indicate the mutual dependence of all branches 
of industry. The petroleum industry has made its 
own impressive contributions to science and indus- 
try especially in the case of continuous processes 
with their all-important control instruments. 

The refining of petroleum is becoming more and 
more chemical in its nature as the fundamental 
theory of each process becomes better understood. 
The industry now produces an ever widening va- 
riety of synthetic organic chemicals in important 
quantities. 

In this brief resume of but a few of the applica- 
tions of chemical engineering principles to petro- 
leum refining no attempt has been made to include 
all of them. There is no doubt at all that the rapid 
and important developments of the last ten years 
are only a start. They are forerunners of an age 
when crude oil will be the raw material to furnish 
chemicals and products many of which are un- 
known today. Catalytic processes in particular will 
be responsible for the greatest change. The ex- 
perimental data and fundamental science devel- 
oped now will be invaluable in the petroleum 
industry tomorrow. 

The foregoing analysis of chemical engineering 
as applied to petroleum refining is a generous 
abstract from a discussion presented by George F. 
Fitzgerald of the Socony-Vacuum Oil Company, 
Olean Refinery, before the recent annual meeting 
of the National Petroleum Association, Depart- 
ment of Manufacture and THe REFINER is indebted 
to its author for an excellent, thought provoking 
“guest editorial.” 
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O. F. CAMPBELL’ 
East Chicago, Indiana 


HIS present highly competitive, industrialized 

era demands closer attention to heat-conserva- 
tion and fuel problems. The domestic consumer com- 
pares his fuel cost with that of his neighbor and the 
industrialist compares his fuel bills with those of his 
competitor. The manufacturer of fuel-burning equip- 
ment is ever striving to build more efficient fuel- 
burning devices. The boiler manufacturer is building 
smaller, more efficient boilers of greater capacity at 
less cost. Oil refineries are continually searching for 
better furnaces and fuel-burning equipment which 
will provide more even heat distribution and greater 
capacity for tube and cracking stills. Endless cita- 
tions reflect the long forward strides engineers are 
making toward fuel conservation. 

Before considering combination oil-and-gas burner 
design and operation it appears advisable to briefly 
discuss some fundamentals of combustion. For 
proper adjustment of the air-fuel ratio it is necessary 
to know the chemical reactions which take place 
when any fuel is burned. Combustion, for all practical 
purposes, is generally accepted as a chemical re- 
action of carbon, hydrogen, and sulphur, or their 
compounds, with oxygen. From the standpoint of 
heat production for industrial purposes combustion 
may be defined as the rapid combination of the com- 
bustible elements of any fuel with oxygen. 

Fuel can be burned only as rapidly as the oxygen 
in the air can be intimately mixed with the fuel and 
no faster. Fuel-burning rates per cubic foot of fur- 
nace volume are, therefore, a function of the effec- 
tive mixing of fuel and air by the burner. The fuel 
burner then becomes the more important factor, in 
so far as heat release per cubic foot of furnace volume 
is concerned. It is, of course, necessary for the heat 
liberated to be absorbed by some cooling medium 
after the burner has performed its duty of mixing 
the air and the fuel at any desired rate. 

The three most essential factors in the successful 
burning of any fuel are time, temperature, and 
turbulence. If the time of burning is short, the turbu- 
lence and furnace temperature must be high. If the 
fuel-burning rate per cubic foot of furnace volume is 
low, the time factor is large and both temperature 
and turbulence may be low. If sufficient turbulence 
exists, furnace temperatures may be low and burning 
time may be short. The modern furnace temperature 
is usually low to keep furnace maintenance down, 
and the fuel-burning rate is high per cubic foot of 
furnace volume to obtain high capacity. Therefore, it 
is the duty of the burner to provide turbulence, or 
intimate mixing of the fuel and the air. Therefore, 

1Combustion Engineer, Sinclair Refining Company. Mem. A.S.M.E. 

Contributed by the Fuels Division for presentation at the Spring Meet- 
ng of the American Society of Mechanical Engineers at Los Angeles, 
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Combination Oil and Gas Burners 


the burner which provides the greater amount of 
turbulence is more desirable. 

Combination oil-and-gas burners should be able to 
burn either gas or fuel oil equally well, when burned 
separately or simultaneously. The engineer in charge 
of fuel conservation has only one opportunity to 
lower fuel consumption with existing equipment, and 
that is by lowering the heat losses up the stack by 
more accurate adjustment of the air-fuel ratio. The 
index of the air-fuel ratio is the percentage of carbon 
dioxide and oxygen in the flue gas, by Orsat analysis. 
In many instances, especially in oil refineries where 
natural gas is available, the natural gas is mixed with 
refinery gas in the refinery-gas system and this mix- 
ture of gas is burned in conjunction with fuel oil. 
Under these conditions it is difficult to calculate 
stack losses, or to calculate fuel savings made by 
proper adjustment of the air-fuel ratio. Also, it is 
advantageous to have a ready chart or graph, when 
individual fuels are burned, from which can be readily 
determined the percentage of stack loss when the 
flue-gas temperature and flue-gas analysis are known. 


COMBUSTION DATA 


To eliminate, as far as possible, the tedious and 
laborious calculations of stack losses, Figure 1 and 
Table 1 are presented. Figure 1 shows graphically 
the total sinsible-heat content per pound mol for the 
constituent gases of the products of combustion from 
0°F. to 5000°F. Table 1 shows the total sensible-heat 
content per pound mol and per pound for the con- 
stituent gases of the products of combustion from 
0°F. to 5000°F. These data were calculated from 
equations derived from the United States Depart- 
ment of Commerce Bulletin No. 445? 

The heat content per pound mol for the gases com- 
mon in combustion work between any temperature 
range may be calculated from the following equations 


Hco2,s02 = (T2—- T:) 47.7 + 1472 K 10°(T; + T2) — 8539 
X 10" [ (7: + T2)? — TiT:] ¢ 


Hos, x2, co, air = (T2 — T:) { 6.76 + 1683 & 10°(7: + T2) 
— 1337 K 10" [ (71 + T2)*? — T;T2] ¢ 


Hyz0 = (T2— 7:1) 4 8.22 + 4165 X 10-°(T; + T2) — 1379 
x 10-[ (Ti+ Ts)? — TiTo] | 


where 7; = lower temperature, deg Rankine, F abs; and 7T:= 
higher temperature, deg Rankine, F abs. The accuracy of Equa- 
tions [1], [2], and: [3] for temperature between 0 and 2500 F 
varies from 1.5 to 2.5 percent. 


To determine the total heat content per pound of any 
gas it is only necessary to divide the total heat: content 
per pound mol by the molecular weight of the gas. 


Having determined the average flue-gas analysis and 
average flue-gas temperature, the stack loss may be 
calculated by either the pound or the pound-mol system. 
The pound-mol system is the more simple method and 
a detailed discussion of this method may be found else- 
where.® From the flue-gas analyses, the weights of the 
products of combustion are calculated and, by referring 
to Table 1, the heat content can be readily determined. 


For illustrating the value of stack-loss charts for pe- 
troleum fuels, Figures 1, 2, 3, 4, 5, and 6 are presented. 
To determine the percent stack loss from Figures 2, 3, 
and 5, when the percent CO, and the stack temperature 


315 























are known, select the ordinate which corresponds with 
the known percentage of CO, and proceed horizontally 
to the right until the CO, curve is intersected, then 
proceed vertically up or down with an imaginary straight 
line until this line intersects the flue-gas-temperature 
line, then proceed horizontally to the scale which gives 
the stack loss in percent. 

To determine the percent stack loss from either 
Figure 4 or Figure 6, when burning a mixture of known 
fuels and the percentages of CO, and O, and the stack 
temperature are known, the following nine steps are 
required : 

Step 1. Select the point on the percent CO, scale in 
section A which corresponds with the known percent 
CO, and proceed vertically upward until the line repre- 
senting the known percent O, is intersected. 

Step 2. From this point of intersection of the percent 
CO, and percent O, in section A proceed horizontally 
to the left in an imaginary straight line until the line 
representing the known stack temperature is intersected 
in section B. 

Step 3. Draw an imaginary straight line from the 
point determined in step 2 vertically downward until it 
intersects the line determined in step 6. 

Step 4. Again select the point on the percent CO, 
scale in section A which corresponds with the known 
percent CO, and proceed vertically downward until the 
line representing the known stack temperature is inter- 
sected in section D. 

Step 5. From the point determined in step 4 proceed 
horizontally left with an imaginary straight line until 
this imaginary line intersects the line representing Btu 
in CO,O.N,. 

Step 6. From this point draw an imaginary straight 
line parallel to the lines shown in section C until this 
imaginary line intersects the imaginary line drawn in 
step 3. 

Step 7. From this point of intersection in section C 
draw an imaginary straight line horizontally to the right 
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FIGURE 1 


Total Sensible 
Heat Per Pound 


and Air. 





until this line intersects the line determined in step 9. 
This intersection will occur in section E. 

Step 8. Select the point on the percent CO, scale 
in section F which corresponds with the known percent 
CO, and proceed horizontally to the left with an 
imaginary straight line until this line intersects the curve 
which represents the known percent Q,. 

Step 9. From the point determined in step 8 proceed 
vertically downward with an imaginary straight line un- 
til the imaginary line determined in step 7 is intersected. 
The percent stack loss is determined by comparing the 
point of intersection determined in step 9 with the scale 
as shown in section FE. The stack loss may be interpo- 
lated with a fair degree of accuracy to 0.5 percent. 

The working basis for computing Figures 4 and 6 is 
100 mols of dry flue gas. Section A is devoted to the 
water vapor produced when burning the hydrogen in the 
fuel and shows the amount of water vapor produced 
when enough fuel is burned to produce 100 mols of 
dry flue gas. It is also possible to estimate closely the 
percentage of each fuel burned when only two fuels are 
burned. The O, line is subdivided by the intersection of 
the CO, line, and the proportionate subdivision of this 
O, line gives the approximate proportionate amount of 
each of the two fuels burned. Section B is devoted to 
the total heat content of the water vapor produced per 
100 mols of dry flue gas at the known temperature. 
Section C is devoted to the addition of the total heat 
in the dry flue gas and water vapor when enough fuel 
is burned to produce 100 mols of dry flue gas. Section D 
is devoted to the heat content per 100 mols of dry flue 
gas. Section E is devoted to the division of the stack 
loss and heat released per 100 mols of dry flue gas. 
Section F is devoted to the heat released per 100 mols 
of dry flue gas. 


CHOICE OF BURNER 


Designs of combination oil-and-gas burners are many 
and varied, as’shown in Figure 7. The engineer chooses 
the combination oil-and- -gas burner which appears best 


Mol of H.0, SO., 
| CO., O., N:, CO, 































Table 1—Sensible-Heat Content Per Pound Mol H and per pound h for O:, N:, CO., CO, H:O, SO, and Air for a Tempera- 
ture Range of OF to 5000 F 















































Temp. Temp. 
°F. Co, Ne O2 Air H20 CO2 SO2 ae sf CO, Ne O2 Air H20 CO2 SO2 
H 000.0 000.0 000.0 000.0 000.0 000.0 2100 H 15486.6 | 15486.6 | 15486.6 | 19826.3 | 24082.5 | 24082.5 
h 000.0 000.0 000.0 000.0 000.0 000.0 h 553.1 484.0 534.0 1101.5 547.3 376.3 
10 H 69.3 69.3 69.3 83.5 90.1 90.1 2200 H 16277.8 | 16277.8 | 16277.8 | 20951.9 | 25446.5 | 25446.5 
h 2.5 2.2 2.4 4.6 2.0 1.4 h 581.3 508.7 561.3 1164.0 578.3 397.6 
20 H 138.5 138.5 138.5 167.0 180.5 180.5 2300 H 17074.5 17074.5 17074.5 | 22100.3 26826.3 26826.3 
h 4.9 4.3 4.8 9.3 4.1 2.8 h 609.8 533.6 588.8 1227.8 609. 419.2 
30 H 207.9 207.9 207.9 250.6 271.2 271.2 2400 H 17876.7 | 17876.7 | 17876.7 | 23272.4 | 28221.2 | 28221.2 
h 7.4 8.5 7.3 13.9 6.2 4.2 h 638.5 558.6 616.4 1292.9 641.4 441.0 
40 H 277.2 277.2 277.2 330.4 362.1 362.1 2500 H 18685.0 | 18685.0 | 18685.0 9.0 | 29631.3 | 29631.3 
h 9.8 8.7 9.6 18.6 8.2 5.7 h 667.3 583.9 644.3 1359.4 673.4 463.0 
50 H 346.6 346.6 346.6 417.9 453.4 453.4 2600 H 19498.4 19498.4 19498.4 | 25690.9 | 31055.4 | 31055.4 
h 12.4 10.8 12.0 23.2 10.3 7.1 h 696.4 609. 672.4 1427.3 705.8 485.2 
60 H 416.1 416.1 416.1 501.6 544.9 544.9 2700 H 20317.9 20317.9 | 20317.9 | 26939.0 | 32493.4 | 32493.4 
h 14.9 13.0 14.3 27.9 12.4 8.5 h 725.6 634.9 700.6 1496.6 738.5 507.7 
70 H 485.6 485.6 485.6 585.4 636.6 636.6 2800 H 21143.3 | 21143.3 | 21143.3 | 28214.1 | 33944.5 | 33944.5 
h 17.3 15.2 16.7 32.5 14.5 9.9 h 755.1 660. 729.1 1567.5 771.5 530.4 
80 H 555.1 555.1 | 555.1 669.2 728.6 728.6 2900 H 21974.8 21974.8 | 21974.8 | 29516.9 | 35408.5 | 35408.5 
h 19.8 17.3 19.1 37.2 16.6 11.4 h 784.8 686. 757.8 1639.8 804.7 553.3 
90 H 624.6 624.6 624.6 753.1 820.9 820.9 3000 H 22812.3 | 22812.3 | 22812.3 0848.4 | 36884.6 | 36884.6 
h 22.3 19.5 21.5 41.8 18.7 12.8 h 814.7 712.9 786.6 1713.8 838.3 576.3 
100 H 694.2 694.2 694.2 837.0 913.4 913.4 3100 H 23655.9 | 23655.9 23655.9 | 32209.4 | 38372.5 | 38372.5 
h 24:8 21.7 23.9 46.5 20.8 14.3 h 844.9 739.2 815.7 1789.4 872.1 599.6 
200 H 1392.2 1392.2 1392.2 1679.5 1853.5 1853.5 3200 H 24505.7 | 24505.7 | 24505.7 | 33600.6 | 39871.6 | 39871.6 
h 49.7 43 48. 93.3 42.1 29.0 h 875.2 765.8 845.0 1866.7 906.2 623.0 
212 H 1476.3 1476.3 1476.3 1781.1 1968.1 1968.1 3300 H 25361.8 | 25361.8 | 25361.8 | 35023.0 | 41381.3 | 41381.3 
h 52.7 46.1 50.9 98.9 44.7 30.8 h 922.1 792.6 874.5 1945.7 940.5 646.6 
300 H 2094.1 2094.1 2094.1 2528.4 2819.7 2819.7 3400 H 26224.3 26224.3 | 26224.3 | 36477.3 | 42901.3 | 42901.3 
h 74.8 65.4 72.2 140.5 64.1 44.1 h 936.6 819.5 904.3 2026.5 975.0 670.3 
400 H | 2800.1 2800.1 2800.1 3384.3 3811.4 3811.4 3500 H 27093.3 27093.3 27093.3 | 37964.7 | 44430.9 | 44430.9 
bh | 100.0 87.5 96.6 188.0 86.6 59.6 h 967.6 846.7 934.3 2109.2 1009.8 694.2 
500 H 3509.9 3509.9 3509.9 4248.2 4828.0 4828.0 3600 H 27968.8 | 27968.8 | 27968.8 | 39485.0 | 45969.7 | 45969.7 
h 125.4 109.7 121.0 236.0 109.7 75.4 h 998.9 874.0 964.4 2193.6 1044.8 718.3 
600 H | 4224.0 4224.0 4224.0 5120.8 5868.8 5868.8 3700 H 28850.0 | 28850.0 | 28850.0 | 41040.1 47517.1 47517.1 
h | 150.9 132.0 145.7 284.5 133.4 91.7 h 1030.4 901.6 994.8 2280.0 1079.9 742.5 
700 H 4942.4 4942.4 4942.4 6003.1 6934.7 6934.7 3800 H 29739.9 | 29739.9 | 29739.9 | 42630.5 | 49072.7 | 49072.7 
h 176.5 154.4 170.4 333.5 157.6 108.4 h 1062.1 929.4 1025.5 2368.4 1115.3 766.8 
800 H | 5665.0 5665.0 5665.0 6895.8 8023.5 8023.5 3900 H 30635.5 | 30635.5 | 30635.5 | 44256.9 | 50635.7 50635.7 
h 202.3 177.0 195.3 383.1 182.4 125.4 h 1094.1 957.4 1056.4 2458.7 1150.8 791.2 
900 H 6392.0 6392.0 6392.0 7799.7 | 9135.2 9135.2 4000 H 31538.0 31538.0 | 31538.0 | 45920.3 52206.9 52206.9 
h | 228.3 199.8 220.4 433.3 | 207.6 142.7 h 1126.4 985.6 1087.5 2551.1 1186.5 815.7 
1000 H | 7123.5 7123.5 7123.5 8715.7 | 10269.2 10269.2 4100 H 32447.5 | 32447.5 | 32447.5 | 47621.3 53782.9 53782.9 
h 254.4 222.6 245.6 484.2 233.4 160.5 h 1158.8 1014.0 1118.9 2645.6 1222.3 840. 
1100 H 7859.5 7859.5 7859.5 | 9644.7 11425.4 11425.4 4200 H 33364.0 | 33364.0 | 33364.0 | 49361.0 55365.9 55365.9 
a» | 280.7 245.6 271.0 535.8 259.7 178.5 h 1191.6 1042.6 1150.5 2742.3 1258.3 865.1 
1200 H 8600.0 8600.0 8600.0 10587.4 12603.0 12603.0 4300 H 34287.5 | 34287.5 | 34287.5 | 51140.0 56954.4 56954.4 
h | 307.1 268.8 296.6 588.2 286.4 196.9 h 1224.6 1071.5 1182.3 2841.1 1294.4 889.9 
1300 H | 9345.3 9345.3 9345.3 11544.6 13801.6 13801.6 4400 H 35218.3 35218.3 | 35218.3 52959.2 58548.0 | 58548.0 
h 333.8 292.0 322.3 641.4 313.7 215.7 h 1257.8 1100.6 1214.4 2942.2 1330.6 914.8 
1400 H | 10095.4 10095.4 10095.4 12517.3 15020.6 15020.6 4500 H 36156.4 | 36156.4 | 36156.4 54819.5 | 60146.1 60146.1 
h } 360.5 315.5 348.1 695.4 341.4 234.7 h 1291.3 1129.9 1246.8 3045.5 1367.0 939.8 
1500 H | 10850.3 10850.3 10850.3 13506.8 16259.5 16259 5 4600 H 37101.7 37101.7 37101.7 56721.7 61748.3 | 61748.3 
a | 387.5 339.1 374.1 750.4 369.5 254.1 h 1325.1 1159.4 1279.4 3151.2 1403.4 964.8 
1600 H 11610.2 | 11610.2 | 11610.2 | 14512.0 | 17517.8 | 17517.8 4700 H 38054.5 | 38054.5 | 38054.5 : 63353.9 | 63353.9 
» 4 414.7 362.8 400.4 806.2 398.1 273.7 h 1359.1 1189.2 1312.2 3259.3 1439.9 989.9 
1700 H 12375.1 12375.1 12375.1 15535.9 18795.0 18795.0 4800 H 39014.9 39014.9 39014.9 54.9 64962.6 | 64962.6 
h 442.0 386.7 426.7 863.1 427.2 293.7 h 1393.4 1219.2 1345.3 3369.7 1476.4 1015.0 
1800 H 13145.2 13145.2 13145.2 16578.4 20089.1 20089.1 4900 H 39982.8 39982.8 | 39982.8 62687.7 66569.2 | 66569.2 
h 469 410.8 453.3 921.0 456.6 313.9 h 1428.0 1249.5 1378.7 3482.7 1512.9 1040.1 
1900 H 13920.4 13920.4 13920.4 17640.3 21396.6 21396.6 5000 H 40958.3 40958.3 40958.3 64765.6 | 68187.0 | 68187.0 
h | 497.2 435.0 480.0 980.0 486.3 334.3 h 1462.8 1280.0 1412.4 3598.1 1549.7 1065.4 
2000 H 14700.9 14700.9 14700.9 18722.7 22734.9 22734.9 
h | 525.0 459.4 9 | 1040.2 516.7 355.2 














Note—Data in this table were compiled from reference given in footnote 2 of this paper. 


to him for any particular installation and, after operat- 
ing his choice, he will generally wish he had chosen 
another combination. The purchaser of combination oil- 
and-gas burners may purchase any type, or combination 
of types, desired to suit any particular furnace, or 
character of fuel oil or gas to be burned. Where funds 
available are low and fuel prices are low, the purchaser 
may find it to his advantage to buy a rather inefficient 
cheap burner. 

The choice of a combination oil-and-gas burner pre- 
sents many problems. The first consideration is that the 
burner must operate over a long period of time without 
cleaning or repair. The burner must also be designed 
for quick cleaning during operation with minimum out- 
age. For wide-swinging firing rates, the burner must be 
flexible enough in capacity to meet the maximum and 
minimum loads and meet each load equally well. For 
high-temperature preheated air, the burner must be built 
of material which will withstand the preheated-air tem- 
perature. Air and fuel velocities should be of such mag- 
nitude that ignition will be satisfactory. 


REQUIREMENTS 


The fundamental requirements of the oil-burning 
features of the combination oil-and-gas burner for effi- 
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cient operation are, first, the burner must thoroughly 
atomize the oil and, second, the atomized oil must be 
forced into the air stream to give a thorough, intimate 
mixture of oil with the proper amount of air. These 
results can best be obtained by preheating the fuel oil. 
The fuel oil may be atomized mechanically, or by either 
high- or low-pressure air, or by steam. These methods 
of atomization arranged in the order of low total cost 
are (1) mechanical, (2) steam, (3) low air pressure, 
(4) high air pressure; the total cost includes fixed 
charges and operating costs. The fundamental require- 
ments of the gas-burning feature, for efficient gas burn- 
ing in combination oil-and-gas burners, are, first, that 
the gas must be intimately mixed with the air for com- 
bustion, in order that no unburned or incompletely 
burned gas will escape from the furnace; second, that 
the burner will not plug up readily ; and, third, that the 
burner should be designed for quick cleaning, with 
minimum outage and, if possible, for cleaning while in 
operation. 


FLAME PROPAGATION AND IGNITION 
Combustion literature reveals that flame propagation 
for gaseous fuels is low. It is, of course, necessary, 
when designing a burner, to have the air-gas velocity 
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(For refinery gas, C = 81 percent, H2=—19 percent, and 


greater than the speed of flame propagation, in order to 
prevent flarebacks in the burner.* The speed of uniform 
movement or flame propagation for methane, using cold 
air in a l-inch diameter tube, is 2.2 fps. For a 12-inch 
tube under the same conditions, the flame-propagation 
speed is approximately 5.5 fps. With these low flame- 
propagation speeds, little or no trouble is encountered 
4 “Fuels and Their Combustion,” oy m2. Haslam and R. P. Russell, 


McGraw-Hill Book Company, New York, N. Y., 1926, pp. 266-271 
and pp. 479-481. 
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the calorific value = 22,500 Btu per Ib.) 


when designing a burner, since the air-fuel mixture 
through the burner is usually several times the flame- 
propagation speed. 

One of the more important problems in burner de- 
sign is whether or not the burner will stay lighted, 
regardless of the air velocity through the burner it- 
self. The air and fuel velocities leaving the burner 
must be of such magnitude that ignition will be cer- 
tain. The author has had the opportunity to test ignition, 
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FIGURE 4 


Stack - Loss Chart 
for Methane, 
Ethane, Propane, 
Butane, and their 
Mixtures. 








using a short 6-inch tube with cold air, streamlined 
flow, and ignition could be maintained with an air- 
gas velocity of approximately 70 fps when burning 
methane. It was further found, when burning meth- 
ane with an air temperature of 750°F. and stream- 
lined flow through a short 6-inch tube, that ignition 
could be maintained with an air-gas velocity of ap- 
proximately 160 fps. Under the same conditions, 
using turbulent flow instead of streamlined flow, ig- 
nition could be maintained with the air-fuel velocity 


FIGURE 5 


Stack-Loss Chart 
for 10 A.P.I. 
Petroleum Oil. 










through the tube greater than 400 fps. The turbulent 
flow was of such a nature as to cause the air-and-gas 
mixture to expand quickly after emerging from the 
end of the tube, which slowed down the velocity 
and allowed ignition to take place. In most cases, 
high velocities of the air-fuel mixture are neither 
necessary nor economical at the present time, except 
in special cases, but what may now be the exception 
may later be the rule. It appears that ignition is a 
function of velocities, turbulence and temperature 





(For 10 A.P.I: petroleum’ oil, C = 89 per cent, Hz = 11 per cent, and the calorific value = 18,540 Btu per Ib.) 
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FIGURE 6 


Stack - Loss Chart 
for Fuel Oil, Re- 
finery Gas, Meth- 












after the air-fuel mixture has passed through the 
burner and not a function of the air and gas veloci- 
ties through the burner. 


BURNER TROUBLES NOT USUALLY RECOGNIZED 


Many a solid or an air-cooled refractory wall has 
failed due to uneven heat distribution and the refrac- 
tory has been blamed. Boiler waterwall blocks have 
disintegrated prematurely because of uneven heat 
distribution in the furnace, due to either burner or 
wind-box design. Improper mixing of air and fuel 
has resulted in long flames, delayed combustion, 
high localized hot spots in the furnace, and over-all 
inefficient operation. A poor air-fuel mixture has 
caused furnace pulsations, which eventually caused 


COMBINATION OIL AND GAS BURNERS 


NATURAL AND FORCED DRAFT 


ane, and their 
Mixtures. 


failure of furnace walls, trouble with forced- and 
induced-draft fans, uneven steam output from boilers 
and, in one known case, the furnace vibration was so 
great as to cause the breaking of the glass in the 
windows of the building. The blame for these 
troubles is usually placed upon everything but the 
burner, and the burner is usually the cause. The 
author has investigated many trouble jobs where the 
fuel oil was supposed to be the cause of the trouble, 
and in every case the trouble was corrected by 
changing either the burner or the furnace and con- 
tinuing to use the same fuel oil. These experiences 
have prompted the author to work with the burner 
manufacturer to make a better new burner and to 
revamp old burners to give satisfactory results. Some 
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FIGURE 8 


Combination Oil-and-Gas Burner which has a Multi-Jet Non- 

premix Gas Burner and Steam-Atomizing Oil Burner with 

Drilled Tip—Used for Forced or Natural Draft and Hot or 
Cold Air. 


(Courtesy of Lee B. Mettler Company, Los Angeles, Calif.) 


types of burners do not provide the proper turbu- 
lence or intimate air-fuel mixture and must use a 
better grade of fuel oil for satisfactory results. It has 
been the author’s experience that any grade of fuel 
oil that can be delivered to the burner will burn sat- 
isfactorily, provided the burner design is correct. 


DESCRIPTION AND DISCUSSION OF SOME REP- 
RESENTATIVE TYPES OF INDUSTRIAL COMBINA- 
TION OIL-AND-GAS BURNERS 

There are many types of combination oil-and-gas 
burners available and a few representative types are 





FIGURE 9 
Combination Oil-and-Gas Burner which has a Two-Section 
Premix Drilled Gas Spider and a Steam-Atomizing Internal- 
Mix Oil Burner with a Round Drilled Tin—Used for Natural 
Draft and Cold Air. 
(Courtesy of John Zink Company, Tulsa, Okla.) 
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herewith presented for description and discussion. It 
would be impossible to present in a single paper 
all types of industrial combination oil-and-gas burn- 
ers on the market ; therefore, the author is presenting 
some of those with which he is more familiar. An 
impartial discussion, including both favorable and 
unfavorable characteristics of each burner described, 
is presented. There may be more favorable or more 
unfavorable characteristics than presented for each 
type and opinions may differ, but it is hoped that 
this paper will present construction. and operating 
characteristics, whereby the purchaser may make a 
more intelligent selection of a combination burner for 
any particular installation. 

Figure 8 shows a combination oil-and-gas burner, 
which may be used with natural or forced draft and 
hot or cold air. The gas-burning feature consists of 
a cast-iron or alloy cellular block protected by a cel- 
lular refractory tile. The cast block and the refrac- 
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FIGURE 10 


Combination Oil-and-Gas Burner which has an Open-Port 

Premix Gas Burner with an Adjustable Air Shutter and a 

Steam-Atomizing Internal-Mix Oil Burner with a Round- 
Hole Tip—Used for Natural Draft and Cold Air. 


(Courtesy of Maxon Premix Burner Company, Muncie, Ind.) 


tory tile have a number of round holes, or cells, 
through which the air for combustion passes. The 
gas is introduced at the entrance of the protecting 
tile through two or more drilled nozzles or jets. The 
burner usually operates on only a few ounces of gas 
pressure and requires low draft when burning gas, 
due to the aspirating effect of the gas jets. A cast- 
alloy block may be used to replace the refractory 
protecting block. The burner may be equipped with 
premixers, but to do so requires enlargement of the 
air-gas jets to compensate for the increased volume 
of air-gas mixture passing through the jets. Other 
burners of this type use a single gas jet placed in 
the center of each air-gas port and may use air-gas 
cells other than round. There are many modifications 
of this type of burner, some of which incorporate 
the venturi principle of air injection. The oil-burning 
feature of this burner may be either a mechanical- 
pressure type of a steam-atomizing oil burner with 
round tip. The steam-atomizing burner may have 
either a drilled or a slotted flat tip. The author pre- 
fers a flat-flame oil-burner tip for this type of burner. 
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FIGURE 11 
Combination Oil-and-Gas Burner which has a Mechanical 
Premix Gas Burner with an Adjustable Air Damper and a 
Rotary-Cup Mechanical-Atomizing Oil Burner—Used for 
Semiforced Draft and Cold Air. 


(Courtesy of Williams Brothers and Miler, East Chicago, Ind.) 


This type of burner can operate with low excess 
air, due to the large number of small air-gas ports. 
When clean, it provides a very good a‘r-gas mixture. 
Due to the small, inaccessible gas chambers, it is 
difficult to clean and has a tendency to plug up when 
using dirty gas and more especially so when using 
preheated air. The refractory protecting tile has a 
tendency to get out of position with respect to the 
casting, unless carefully installed. This type of burn- 
er has a wide application and varies in capacity for 
the various sizes from 500,000 Btu per hour for the 
smaller size to approximately 13,000,000 Btu per 
hour for the larger size. 

Figure 9 shows a combination oil-and-gas burner 





FIGURE 12 
Combination Oil-and-Gas Burner which has a Two-Section 
Nonpremix Drilled Gas Ring, a Pressure-Type Mechanical- 
Atomizing Oil Burner, and an Adjustable Air Register—Used 
for Forced Draft and Hot or Cold Air. 
(Courtesy of The Babcock & Wilcox Company, New York, N. Y.) 
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to be used with natural draft. The gas-burning fea- 
ture is of the bimix type and has a two-section cast- 
iron or alloy drilled spider, and each section of the 
spider is equipped with a premixer. The premixer 
is of the same general design as used in domestic 
stoves, only it is built on a larger scale and uses high- 
pressure gas to provide the premixing. Either a me- 
chanical-pressure type or a steam-atomizing, drilled, 
round-tip oil burner may be used for the oil-burning 
feature of this burner. A flat slotted-tip oil burner 
may also be used. The advantages of this type of 
burner are: Its simplicity, ease of ignition, its ability 
to better handle gas of high calorific value, wide 
range of flexibility, does not plug up readily, and is 
easily cleaned. Dust-laden air has a tendency to plug 
up the premixer and during extremely cold weather, 
when it is used outside, it has a tendency to freeze 
up the premixer. For natural draft, the burners are 
usually limited in capacity to approximately 25,000,- 
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FIGURE 13 


Combination Oil-and-Gas Burner which has a Four-Section 

Nonpremix Drilled Gas Ring, a Steam-Atomizing Internal- 

Mix Oil Burner with a Drilled Tip, and an Adjustable Air 

Register—Used for Forced or Natural Draft and Hot or 
Cold Air. 


(Courtesy of The Engineer Company, New York, N. Y.) 


000 Btu per hour, and usually a number of smaller- 
capacity burners are used instead of the larger ones. 
This burner may be used with forced-draft hot air 
with more satisfactory results at higher capacities 
than for natural draft. 

Figure 10 shows a combination oil-and-gas burner 
for use with natural draft. The gas-burning feature 
of this combustion oil-and-gas burner is of the ven- 
turi premix type and usually requires gas pressure 
from 0.5 to 30 pounds per square inch gage. The gas 
nozzle is equipped with a flame-retention ring for 
positive ignition without the use of baffles or ignition 
tunnels. This burner utilizes the energy of the gas pres- 
sure to accomplish the mixing of the air and gas and, 
when burning gas only, no blowers or air compres- 
sors are required, even with the furnace operating 
under a slight pressure. When burning gas, with the 
furnace operating under a slight pressure, the capac- 
ity of the burner is reduced approximately two thirds. 
The oil-burning feature of this burner consists. of a 
steam-atomizing internal-mixing oil bygner with a 
round-hole tip, although narrow-angle flat slotted 
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FIGURE 14 
Combination Oil-and-Gas Burner which has a Six-Section 
Premix Tangential-Entry Open Gas Ring, a Steam-Atomizing 
Internal-Mix Oil Burner with a Round Flat Drilled Tip, and 
an Adjustable Air Register with Auxiliary Dampers for Air 
Control—Used for Forced Draft and Hot or Cold Air. 


(Courtesy of the Peabody Engineering Corporation, New York, N. Y.) 


tips may be used. When burning fuel oil, auxiliary 
air is required and is usually obtained by opening 
auxiliary-air doors under the burner nozzle. This 
burner can also be readily converted to use forced- 
draft hot air. The maximum size of this burner avail- 
able is limited to approximately 14,000,000 Btu per 
hour, but the author presumes that larger sizes could 
be built if desired. The disadvantages of this type of 
combination oil-and-gas burner are: Its large size 
with respect to capacity, necessity of using high gas 
pressure, possibility of the aspirator plugging up 











FIGURE 15 


Combination Oil-and-Gas Burner which has a Six-Section 

Nonpremix Drilled Gas Ring, a Steam-Atomizing Internal- 

Mix Oil Burner with a Drilled Cone Tip, and a Fixed Air 

Register with Adjustable Dampers for Air Control—Used for 
Forced Draft and Hot or Cold Air. 


(Courtesy of Coen Company, Inc., San Francisco, Calif.) 
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with dust-laden air and freezing up at extremely low 
temperatures when used outside. The advantages of 
this type of burner are: Flexibility, intimate mixing 
of air and gas over wide ranges without blowers or 
compressors, and ability to retain ignition, handle gas 
of high calorific value, and produce high rates of heat 
release per cubic foot of furnace volume. 

Figure 11 shows a combination oil-and-gas burner 
using cold air, semiforced draft, a mechanical pre- 
mix gas burner and a rotary-cup mechanical-atomiz- 
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FIGURE 16 

Special-Alloy Combination Oil-and-Gas Burner which has 12 

Dampered Fixed-Register Air Nozzles Capable of 360-Deg 

Rotation, Special Drilled Nonpremix Gas-Burner Tips, Three 

Steam-Atomizing Internal-Mix Oil Burners with Drilled Cone 

Tips, and an Adjustable Center Manhole for Secondary-Air 
Control—Used for Forced Draft and Hot Air. 


(Courtesy of Coen Company, Inc., San Francisco, Calif.) 


ing oil burner. The oil is delivered to the rotary cup 
through the hollow motor shaft and atomized by the 
rotary cup and low-pressure air delivered around 
the cup by means of a fan having a speed the same 
as the cup. Secondary air is admitted into the fur- 
nace through a brick checkerwork floor. When burn- 
ing gas, the gas is admitted into the suction of the 
fan along with the air used for aiding in the atomi- 
zation of the oil. The gas and air to the burner may 
be controlled automatically, if desired, but is usually 
controlled manually. The advantages of this type of 
combination burner are: Its ability to handle any 
grade of fuel oil that can be delivered to the burner, 
or gas of any calorific value at any pressure that may 
be available. The main disadvantage is the difficulty 
of adjustment of the air-gas ratio leaving the burner 
to prevent flarebacks in the burner. This type of 
burner is best applied to installations where on-and- 
off control is satisfactory. The air-gas ratio is set 
for safe operation and the burner operates at full 
load or at no load. The maximum capacity of this 
type of burner built to date is approximately 13,000,- 
000 Btu per hour for gas and 16,000,000 Btu per hour 
for fuel oil. There appears to be no reason why this 
burner cannot be built with greater capacity if 
desired. 

Figure 12 illustrates a combination oil-and-gas 
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FIGURE 17 


Details of Various Oil Burners and Burner Tips. 


burner equipped to use hot or cold air with forced 
draft. The gas-burning features are: A two-section 
cast-iron or alloy drilled gas ring, not equipped with 
premixers. For presentation of the design, the gas- 
ring protecting refractory tile is omitted for this and 
the following illustrations where protecting tile is 
required. The oil-burning feature of this burner 
consists of a mechanical-pressure type oil burner. 
The forced-air supply for the burner is delivered 
through an adjustable air register to provide turbu- 
lence. There are many variations in design of this type 
of burner, such as: (1) Different design of gas ring, 
(2) different design and size of deflectors, (3) different 
a: Rh and pitch and curvature of air register vanes, 
and (4) different design of fuel-oil nozzles. This type of 
burner may also be used with a steam-atomizing oil 
burner. The disadvantages of the design presented are: 
(1) Plugging up of gas-ring ports when using dirty 


gas, (2) difficulty in cleaning and replacing the gas 
ring, (3) lack of flexibility when burning fuel oil, due 


to the mechanical fuel-oil atomization, and (4) inability 
to control heat distribution in the furnace. The advan- 
tages of the design presented are: (1) Forced draft, 
with its attendant high capacity, and (2) an adjustable 
air register to provide a variation in turbulence for 
variations in fuel-oil or gas-burning rates. The usual 
designed capacities vary from 10,000,000 to 50,000,000 
Btu per hour, but can be designed for greater capacity. 

Figure 13 illustrates a combination oil-and-gas burner 
equipped to use forced or natural draft and hot or cold 
air. The gas-burning feature of this design consists of a 
four-section nonpremix drilled gas ring. The shape of 
the gas ring is designed to conform to the venturi 
burner throat. The oil-burning feature of- this burner 
consists of a steam-atomizing internal-mix oil burner 
with drilled oil-burner tip. The air register is of special 
design and provides turbulent air flow through a venturi 
burner throat. An adjustable vane control is incorpo- 
rated to allow air to pass immediately around the oil- 
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burner tip, when using fuel oil. The advantages and 
the disadvantages of this type of burner are approxi- 
mately the same as given for Figure 12. 

Figure 14 illustrates a special type of combination oil- 
and-gas burner designed for use with 1000°F. preheated 
air and heat-distribution control. The gas-burning fea- 
ture consists of a six-section, half-open alloy gas ring. 
Each section of the gas ring is equipped with a premixer 
and the air-gas mixture from the premixer enters the 
gas ring tangentially, providing a rotary motion in the 
open gas ring. The oil-burning feature consists of a 
steam-atomizing internal-mixing oil burner with a flat 
drilled tip. Other designs of drilled tips are also satis- 
factory. The air register consists of adjustable curved 
blades to provide turbulence, and is equipped with 
special auxiliary dampers for heat-distribution control in 
the furnace, The advantages of this burner are: (1) It 
has premixers to handle gas of high calorific value, (2) 
it has an open-type gas ring, which eliminates plugging 
of gas ring, (3) the premixer can be removed and the 
turbine can be run through one section of the gas ring 
during operation without interrupting the remaining 
five sections of gas ring, (4) it has an adjustable air 
register for controlling turbulence for both high and 
low firing rates, (5) flexibility, and (6) it has auxiliary 
air dampers for heat-distribution control in the furnace. 
The disadvantages of this type of burner are: (1) 
High-pressure gas is required for premixing, (2) pre- 
mixers plug up with dust-laden air and freeze up when 
extremely cold air enters aspirators, (3) mechanical 
difficulties are encountered when adjusting the air damp- 
ers and (4) high wind-box pressures are required to 
obtain capacity and heat-distribution control. The maxi- 
mum capacity of this special design of burner is be- 
tween 55,000,000 and 60,000,000 Btu per hour, but 
smaller-capacity burners may be designed with satisfac- 
tory operating results. 

Figure 15 shows another type of combination o/1- 
and-gas burner designed for use with 1000°F. preheated 
air and heat-distribution control. The gas-burning fea- 
ture consists of a six-section drilled nonpremix gas 
ring. The fuel-oil-burning feature consists of a steam- 
atomizing internal-mixing drilled cone-tip oil burner. 
The air register has fixed blades, or vanes, and is 
equipped with special auxiliary dampers for heat-dis- 
tribution control in the furnace. The auxiliary dampers 
cover or uncover, as desired, the fixed air register to 
obtain heat distribution. The main disadvantage of this 
burner is plugging up of the gas ring. Its maximum 
capacity is approximately 55,000,000 to 60,000,000 Btu 
per hour. 

Figure 16 shows a special type of combination oil- 
and-gas burner designed for use with 1100°F. preheated 
air, with a capacity of 100,000,000 Btu per hour, and for 
firing downward. The gas-burning features consist of 12 
curved alloy air tubes, or nozzles, inserted through and 
resting upon a 12-section alloy bottom plate. Each air 
nozzle is equipped with a fixed air register, as shown in 
the air-nozzle detail. The air supply to each nozzle is 
controlled by a circular damper inside of each register. 
This damper can be moved up or down by the damper 
control wheel. The gas is delivered to the center of each 
air nozzle by means of a gas pipe inserted through the 
individual damper-control pipes. The ends of the gas- 
supply p‘pes are welded and drilled, as shown in the gas- 
tip detail. The air nozzle can be rotated by means of a 
nozzle-control wheel through an angle of 360 degrees to 


obtain heat distribution to any part of the furnace. The 
[Continued on page 329] 
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DR. M. B. COOKE* 


HE refiner has been called upon more and more 

frequently during the past few years to evaluate 
the merits of new processes all of which (according 
to the sponsors) were developed for the specific pur- 
pose of aiding the refiner to make a profit out of cur- 
rent losses. In order to refine his daily quota of oil, 
the refiner has had more to do than to listen to 
process salesmen. Some of us have been guilty of 
overselling an idea, perhaps unwittingly, but never- 
theless, the refiner has been called upon to make 
selections from the varied processes offered him, 
among them polymerization. Many installations have 
been made which were truly “trial balloons” and we 
wish to pay our respects to those refiners who have 
taken a chance with the equipment and with the con- 
cerns offering new processes. Some installations have 
been highly profitable while others have paid less 
returns than the tax collectors have received in their 
annual harvest. 

In looking around for some reason for this differ- 
ence in success with the newer processes, such as the 
polymerization of refinery by-product gases, it is 
apparent that the economics involved vary greatly 
with individual installations. It is our aim to try and 
point out certain observations which we have made 
during the past few years with the hope that they 
will be of use to others in plotting the future course 
of process installations of polymerization units. 


DESCRIPTION OF PROCESSES 


We may divide polymerization plants into two 
general classes based on the predominate product 
even though they may overlap: (1) aliphatic plants, 
and (2) aromatic plants. 

The first type plants produce, in the main, aliphatic 
type polymer distillate, as the name implies. The 
distillate is low in the aromatics benzol, toluol, and 
xylol but is very high in the so-called chain com- 
pounds, olefins, and in naphthenes, which are ring 
compounds. The latter are often designated as Cyclo 
compounds. They are more stable than olefins and 
closely resemble the paraffins in physicz! and chemical 
properties. 

The aromatics are compounds containing rings of 
six carbon atoms and are now made commercially 
from petroleum gases. Formerly, they were obtained 
from coal tar or from gas works as a by-product. 
Their importance cannot be overestimated for it is 
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of Polymerization 


known that Germany built her chemical industry on 
aromatics as raw material, and her huge and efficient 
war machine as well. Some years ago I was told that 
there were listed at that time over 750,000 chemical 
compounds which had been made, isolated, and 
tested, all coming from coal tar as raw material. The 
same possibilities are latent in the development of 
petroleum chemistry. 

The double classification of polymerization plants 
is an academic one since one plant can easily be 
designed and built which will make both classes 
efficiently. The aliphatic installations have been made 
by Universal Oil Products, Polyco, and Alco-Pure 
Oil Company. The Universal plant differs from the 
so-called thermal plants of Polyco and Aico-Pure in 
that phosphoric acid catalyst is used and the reaction 
temperature is about 400-500°F. as compared with 
the thermal plant’s. 950-1100°F. temperature. The 
Universal plants, however, convert only unsaturates, 
olefines, to liquid polymer whereas the thermal plants 
convert saturates as well. The catalytic type plants, 
even though they operate at lower temperatures, 
have the expense of the catalyst to be considered. 


AVAILABLE CHARGING STOCKS 


For good yields the present polymerization plants 
require a charge stock having at least three carbons, 
propane-propylene, to the molecule, but they do not 
convert gases of one carbon atom and only partially 
those of two carbon atoms to the molecule. Higher 
yields of distillate are obtained from a C, charge 
stock, butane-butylene, than from any other lighter 
stock. 

The first problem to be solved by a prospective 
purchaser of a polymerization plant is the one of 
charge stock. From our experience, gained by build- 
ing and investigating the economics of a large num- 
ber of polymerization plants, we believe it is uneco- 
nomic at present to attempt to install a polymeriza- 
tion plant unless at least 1500 barrels of charge stock, 
containing at least 75 percent C, and C, compounds 
are available. 

Individual cases vary widely and one must con- 
sider carefully all the facts surrounding the case. As 
an example, if a refiner does not have an efficient 
high-pressure-gas-recovery plant, and he wants to 
make polymer gasoline, he is faced with an outlay 
for the gas-gasoline recovery plant which is the 
major cost in the installation of a polymerization 
plant. This fact should be stressed as it is believed 
that many people still regard polymerization as a 
complicated process. It is the opposite, in fact, for the 
process is just about as simple as any process ever 
installed by a refiner. Perhaps it is thought that the 
process is involved because of the auxiliary equip- 
ment which is necessary to prepare the charge stock 
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and to separate the unconverted gases for recycle 
purposes. Reduced to simple terms, a polymerization 
plant consists of a tubular heater and a reaction coil. 
All other equipment is auxiliary. If a refiner has a 
modern high-pressure-gas-recovery plant, he has very 
little equipment to install in order to produce polymer 
distillate, i.e., essentially a furnace and a reaction coil 
followed by a fractionating tower. The cost of a 
plant, then, depends mostly ‘on the cost of the re- 
covery plant to produce fresh feed for the polymeriza- 
tion unit and not on the unit itself. 

We turn now to the refiner who has no modern 
high-pressure-gas-recovery plant and who is now 
forced to install such a plant because of low earnings 
and competition. One example which we may cite is 
as follows: 

The refiner found it would cost $100,000 to install 
a modern gas recovery system working at 125 pounds 
pressure. By expending $140,000, an increase of $40.- 
000, he found that he could install a plant which 
would work at 300 pounds pressure which would not 
only prepare poly charge stock but would also re- 
cover unconverted charge for recycle. The increase 
cost of 40 percent covers all equipment necessary to 
install a “high-propane and butane-recovery plant” 
instead of a “high-butane-recovery plant.” In addi- 
tion to this feature, the new plant handles all refinery 
gases whereas the high-butane-recovery plant han- 
died only butane-rich gases and not general refinery 
gas. To a large degree, the economics of polymeriza- 
tion are affected primarily by whether or not a refiner 
is going to spend money on a gas recovery plant 
regardless of his interest in polymerization or 
whether he already has a modern plant which can be 
readily converted to work at 300 pounds pressure. If 
these conditions exist, then it costs relatively little 
more either to build or rebuild as the case may be so 
that a high recovery of propane will be possible. 

The cost of polymerization equipment is relatively 
low. In general such a plant consists of a charge tank, 
pumps, furnace, reaction coil, and a fractionating 
tower of simple design. The gas recovery part of the 
plant, which may already exist, is really the expen- 
sive part of a plant. 

We have another set of conditions which are worth 
our careful consideration when contemplating the in- 
stallation of polymerization plants. We refer to the 
possibilities of combining polymerization with other 
refinery operations such as reforming, cracking, etc. 
In a number of cases the picture is greatly improved 
when this combination can be effected. The gas-re- 
covery systems necessary for reforming and cracking 
are generally such that with a small additional ex- 
penditure we can make polymerization a profitable 
operation where it would otherwise never pay out. 

There are some cases where one can afford to junk 
existing gas-recovery plants because they are un- 
economical to operate due to their high utility con- 
sumption and general inefficiency. The savings re- 
sulting from the installation of new and efficient 
gas-recovery plants makes it profitable to save 
enough in operating costs to pay out the polymeriza- 
tion plant in a shorter time. 

Most refineries have stabilization and absorption 
gas-recovery plants today, but in many cases they 
are built to operate at too low a pressure to enable 
them to make a high-propane recovery and make the 
use of polymerization economical thereby. It is 
realized, of course, that after propane has been re- 
moved from the plant units, the operating pressure 
can be dropped. This makes it possible, in a number of 
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cases, to use a great portion of existing gas-recovery 
plants in the new scheme embracing polymerization. 


OPERATION COSTS OF A THERMAL PLANT 


We assume that conditions are favorable to the in- 
stallation of the physical poly plant equipment and 
we now come to the operation of the plant. We have 
developed some generalizations and short cuts which 
may aid in computing operating costs of such a plant. 
While no fast rule can be laid down, the figures may 
be of service. 

For an aliphatic polymer distillate, one may assume 
that its Btu content per gallon is 132,500 or 20,400 
Btu’s per pound. If we assume the fuel value of the 
gas (both charge and residue gas) to be one cent per 
therm (100,000 Btu) then the product distillate costs 
1.32 cents per gallon or 55 cents per barrel. (This is 
really the value of the raw charge entering into the 
formation of poly distillate.) We start with C,—C, 
raw material and end with residue gas, poly distillate 
and gas oil. The Btu’s in the distillate are important, 
for this is our main salable product. The operating 
costs,. including -utilities, operators, electricity, raw 
materials, maintenance and supplies, vary from 35 to 
50 cents per barrel of distillate produced. This is 
added to the fuel value of the raw charge material. 
There is included no charge for taxes, depreciation, 
interest, or fixed charges. About half the 35 to 50 
cents item is fuel. If the yield of distillate is low, then 
the costs go up in proportion and vice versa, there- 
fore, the total cost is $0.90 to $1.05 per barrel without 
fixed charges. 

Assume Grade B gasoline, 70-72 octane, is worth 
5.3 cents per gallon. We find that the poly gasoline 
produced under these conditions is worth a 1.0 to 1.5 
cent premium or 6.3 to 6.8 cents per gallon or $2.65 
to $2.86 per barrel, therefore the gross profit is ap- 
proximately $1.75 to $1.81 per barrel. 

One may ask what the yield is when working on 
saturates such as propane as compared with the un- 
saturates propylene, etc. We find that the saturates 
give about 60 percent of the yield obtained when 
working on unsaturates. 

Another item which affects the possibilities of 
making a profit from thermal poly operations is the 
one of recycle ratio. If the conversion is low per pass 
and it becomes necessary to stretch out the cycle 
ratio too far, no profit can be made by polymerization 
because of the increased investment and operating 
expense. 


PRODUCTION AND CHARACTERISTICS OF 
VARIOUS POLY DISTILLATES 


It may be of interest to mention some of the char- 
acteristics of the distillate from various processes. 
The product from the Universal Oil Products Com- 
pany’s phosphoric acid process is mostly olefines 
which is to be expected. The reaction as reported by 
Ipatieff is essentially one of addition—one olefin to 
another olefin giving a liquid compound with twice 
the molecular weight of the raw material. This is 
actually the case. The Thermal Processes of Polyco 
and Alco-Pure Oil, however, give a product which is 
not the result of simple addition. Since they operate 
at pyrolysis temperatures, it is to be expected that 
many reactions take place, some desirable and others 
highly undesirable. The catalytic process of Uni- 
versal, however, has one advantage and that is selec- 
tivity as to the product produced. The catalyti¢ idea 
is worth considering for by such similar means it 
is now the hope to produce what are commonly called 
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“tailor made hydrocarbons.” The industry has been 
studying the possibilities of hydrocarbon chemistry 
from the standpoint of how these new products will 
perform in a gasoline motor. The promising ones can 
be synthesized from the C, and C, hydrocarbon gases 
if the proper catalyst and technique are developed. 
An example of this is isooctane. A laboratory curi- 
osity for years, it is now an article of commerce 
within the price air-craft can afford. It is well known 
that this compound is made from butylene, a refinery 
cracking still by-product. Here we have a case of 
catalysts playing a major role—sulphuric acid or 
phosphoric acids, as the case may be—and the re- 
sult is not duplicated by thermal means alone. 

The production of isooctane on a commercial scale 
is of more than ordinary interest for it has verified, at 
least, certain chemical theories of polymerization. 
The production of technical isooctane, with an octane 
rating of 93-97, on a commercial scale by the Shell 
Oil Company, and others, by means of reacting C, 
hydrocarbons, as a mixture, of olefins and paraffins, 
showed that a high percentage of the normal butylene 
was converted to a liquid, probably by what is known 
as interpolymerization, i.e., a part of the normal 
butylene reacts with the isobutylene to form a poly- 
mer, which, when hydrogenated, yields an octane of 
good anti-knock value. By this reaction, the yield of 
technical isooctane from petroleum gases has been 
doubled. In this process hot sulfuric acid may be 
assumed to play the part of a true catalyst. 

The cold-acid process as outlined by McAllister 
of Shell Oil Company is still the best method for the 
production of pure isooctane. Inasmuch as its anti- 
knock value is 100, by definition, and the value of the 
hydrogenated polymer made by the hot-acid process 
is as high as 93-97, the advantage from an economic 
standpoint is in favor of the hot-acid process. 

The phosphorous compounds function in a similar 
manner to the sulfuric acid—they are catalytic but 
it is necessary to react the hydrocarbons at 400-500° 
F. instead of 100-250°F. which is used in the sulfuric- 
acid process. Other catalysts such as the metallic 
oxides like those of the elements aluminum and 
chromium have properties similar to the phosphoric 
and sulfuric acids. 

We may classify the present commercial poly- 
merization processes in the following manner, de- 
pending on the three major elements which enter 
these processes: (1) nature of charge stock, (2) 
method of polymerization, and (3) products made. 

If we start with petroleum gases or low molecular 
weight hydrocarbons from natural gas (C, and C, 
hydrocarbons), we must first process the raw ma- 
terial to produce a selected charge stock which will 
vield the product desired by the process at hand. If 
we wish to produce a motor fuel blending stock, 
aliphatic polymer, we can separate the C,-C, fraction 
of refinery gases and either thermally polymerize 
this out directly or we can make use of catalysts. 

30th methods can be made to produce about the same 
quality and quantity of polymer. 

If we wish to produce aromatic hydrocarbons 
such as benzol, toluol, and xylol, we charge the same 
raw material but by the thermal process we operate 
at temperatures in the range of 1150-1300°F. instead 
of 950-1100°F. and we employ lower pressures than 
we do when making aliphatic distillate. Laboratory 
work indicates that aromatics can be produced from 
olefinic charge stock by catalytic means. This work, 
however, is not ready for commercial application. 

If we desire to make technical isooctane wé must 
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further segregate our charge stock into a narrow 
fraction consisting exclusively of C, hydrocarbons. 
The thermal process is not satisfactory to produce 
the dimer which is later hydrogenated to the octane. 
We must rely upon the acid or oxide catalysts en- 
tirely at the present time. 

The above schemes all operate on olefines as the 
original raw material. The other variable in process- 
ing is the introduction of pyrolysis into the process. 
By subjecting the paraffins such as propane and 
butane to pyrolysis, we can attain a high yield of 
olefines which are then charged to the poly plants for 
the production of any of the three major types of 
liquids mentioned, (1) aliphatic, (2) aromatic, or (3) 
dimer in the production of isooctane. 


PRODUCTION OF OLEFINES 


An interesting phenomenon appears when we 
charge paraffins for the purpose of producing olefine 
gases, i.e., considerable quantities of aromatics are 
produced as a by-product of the pyrolysis operation. 
If a refiner desires to produce olefines such as. 
ethylene, propylene or butylene from .propane or 
butane, it is necessary to pyrolyze them at tempera-~ 
tures ranging from 1150-1350°F.—a temperature 
range favorable to the formation of aromatics. As 
would be expected, relatively large amounts of 
benzol, toluol, and xylol appear as polymerization 
products resulting from the soaking of the pyrolyzed 
gases which is unavoidable in commercial units. The 
pyrolysis operation is favored by low pressure but it 
‘s necessary to have some pressure in the furnace 
tubes in order to have the required flow of gases. 
through the tubes and this, of course, results in some: 
soaking. In other words, it is practically impossible 
from an economic standpoint to employ low enough 
pressures, with low time intervals, to prevent entirely 
the polymerization of some of the olefines to aro- 
matics. 

Some interest has been shown in a process to use 
crude oil as charge stock for the production of 
olefines and aromatics. We have found it possible to. 
crack reduced crude oil and then pyrolyze the satu- 
rated gaseous hydrocarbons above ethene to aro- 
matics or to olefines and aromatics. There is also. 
data on hand to show that ordinary gas oil will yield 
about 4 percent of isooctane and at the same time 
produce some aromatics and other olefines. It is only 
the question of economics which is holding these- 
processes in reserve. 

By present methods it is necessary to crack 100,000: 
barrels of charging stock such as gas oil or reduced! 
crude oil, to produce, as a by-product, enough. 
butylenes to yield 750-800 barrels of isooctane. 

Say 60 percent PD yield on Gas Oil Charge 
= 60,000 bbls. PD 
Say 15 percent of PD i.e. C-—Cy 
= 9,000 bbls. C.—C, 
Say 30 percent (high) of C.x—C, is Isobutylene 
= 2,700 bbls. Iso Cy 
Say Conversion 90 percent 
= 2,430 bbls. Converted 
Say Volumetric ratio C, to Cs is 2:1 
= 1,215 bbls. Cs 

Methods now exist, however, which double this: 
yield but the cost of the isooctane also doubles be- 
cause of the low value of the by-products made by 
the pyrolysis operation. The production of aromatics. 
on a commercial scale is now a fact but the magni-~ 
tude of this business depends upon how much the. 
refiner can get for premium octane fuel, since aro- 
matics are economically obtained in _ sufficient 
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quantity from coal to meet peace-time chemical 
needs. Any phenomenal production of aromatics from 
petroleum for chemical purposes would seriously up- 
set the coal-tar aromatic market. 


QUALITY OF ALIPHATIC DISTILLATE 


Considerable work has been done with the view 
of ascertaining the true composition of the aliphatic 
polymer distillate. The following break-up appears 
to be reasonably correct: 


CHEMICAL COMPONENTS OF POLYMER 


DISTILLATE 
Boiling Range °F. Compounds 
70-100 Pentene (1—) 
Pentene (2—) 
Pentane 


Methyl-butene 
1 4 Pentadiene 


110-145 Cyclopentene 
2-2 Dimethylbutane 
Dimethylbutene 
Cyclopentane 
Methyl-pentane 

145-200 Hexane 
Methyl-cyclopentane 
Benzol 
Dimethyl-pentane 
Cyclohexadiene 
Cyclohexene 
Ethylmethylbutene 
Dimethylcyclopentane 
Methyl-hexene 


200-240 Methyl-cyclohexane 
Heptane 
Heptene (2—) 
Ethyl-cyclopentene 
Dimethyl-hexane 
Toluol 
Methyl-heptene 
Cycloheptane 

240-302 Ethyl-hexane 
Octane 
Ethyl-cyclohexane 
Xylene (o—) 
Xylene (p—) 
Xylene (m—) 
Ethyl-heptane 
Ethyl-cyclohexene 
Octene 
Nonene 


The above compounds were identified through 
their specific gravity, boiling point, and refractive 
indices, on 1 percent cuts. Certain tests such as 
bromination, nitration, sulfonation, etc., were made to 
identify the structure of the hydrocarbons. The 
thermal polymer distillate consists of approximately 
this composition: 

40 percent Paraffins 
40 percent Olefins 


10-20 percent Aromatics 
5 percent Naphthenes 


When operating at higher temperatures and at 
lower pressures (100-300 pounds) and with recycling, 
there can be obtained a polymer distillate of 89-91-++ 
octane containing over 70 percent aromatics and of 
such a nature that a good fractionating column will 
separate commercial cuts of benzol, toluol, and xylol. 

It is interesting to note that by acid treating cuts 
from this polymer, there is obtained a product which 
is higher octane than the crude polymer cut, i.e., the 
aromatic compounds remaining after acid treating 
are higher in octane value than the mixture of olefins 
and aromatics; the olefins are absorbed by the acid, 
and the remaining product is 92-94 octane value 
(CFRM). It is a common conception to think of 
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acid treating as a process which degrades the dis- 
tillate in octane value. 


SUPERFRACTIONATION OF POLY DISTILLATE 


Work on fractionating columns during the past 10 
years has resulted in columns which will separate 
hydrocarbons some 5 to 10 fold as efficiently as 
formerly. This has made commercially possible the 
production of valuable hydrocarbon cuts of very high 
octane value from gasoline, cracked distillate and 
from polymer distillate. By running a still on Mid- 
Continent straight-run gasoline so that cuts are made 
every few degrees, and by separating the poor octane 
hydrocarbons from the good and reblending the 
“peaks,” it has been found possible to obtain 10-35 
percent of aviation base gasoline of 74-77 octane 
value. By applying the same technique to polymer 
distillate it is possible to separate cuts of very high 
octane value and to make cuts which are easily 
treated to obtain individual commercially-pure aro- 
matics such as benzol, toluol, and xylol. The art of 
super-fractionation is in its infancy and it is to be 
hoped that many new synthetic substances will result 
partially as a result of the application of this technique. 

The mechanism of the formation of the conjugated 
dienes, such as butadiene, has not been proved, but 
some of the postulates are very useful in carrying on 
research work. Some workers hold that the dienes are 
the intermediates in the formation of aromatic hydro- 
carbons by pyrolysis. Other investigators doubt that 
aromatic formation passes through the conjugated 
open chain molecule stage. 

It is known that aromatics are produced by vapor- 
phase cracking at temperatures around 1100-1200°F. 
and tests made on the products of these reactions in- 
dicate dienes. They are never found in high percent- 
ages, however, for they are so reactive that thev 
form other substances if the reaction time is not held 
to a fraction of a second. Since the reaction is bi- 
molecular in forming aromatics from conjugated 
dienes, low pressures do not favor such reactions. We 
find that pressures in order of 300 pounds pressure 
are a practical compromise in this work. It is also 
true that the high percentage gasification of a gas oil 
in pyrolysis favors the formation of dienes and aro- 
matics. By employing this technique it is possible to 
commercially produce aromatics and dienes from pe- 
troleum. This process is very interesting and it will 
be still more interesting to follow this particular de- 
velopment during the next few years. Since we can 
now obtain, by one process, a liquid from the 
pyrolysis of petroleum containing above 50 percent 
conjugated dienes, the manufacture of chemical prod- 
ucts from these very active materials is but a short 
step to be taken. 


NATURAL GAS AS A RAW MATERIAL 


Few people in the past have realized the cheapness 
of natural gas as. a chemical raw material. The 
heavier constituents of it, such as butane-isobutane, 
have proved valuable raw materials for pyrolysis. 
The isobutane, particularly, is a good material for 
pyrolysis to high octane polymer gasoline. The prob- 
able explanation of why high yields of gasoline are 
obtained is that the isobutane dehydrogenates and 
loses methane and results in a high yield of propylene 
with very little ethane formation. The propylene and 
butylene give almost theoretical yields of polymer 
with good catalysts. The thermal decomposition of 
isobutane at low pressure also favors the above re- 
actions. High pressure pyrolysis of isobutane gives a 
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relatively high yicid of ethane. One disadvantage 
with working at 300 pounds pressure is that ethylene 
is not polymerized to any large degree whereas at 
high pressures it is transformed into polymer gaso- 
line. For the production of isobutylene, the pyrolysis 
of isobutane gives the highest yield of any known 
substance. This reaction is economically attractive 
for the manufacture of isooctane. 


CONCLUSIONS 

1. A refiner who has to spend money on his gas 
plant can almost always justify polymerization. 

2. Poly distillate can be treated with cracked dis- 
tillate. It is best to cut cracked distillate into light 
and heavy if acid is necessary. The poly is clay 
treated or acid treated with heavy distillate. Caustic 
wash light distillate. 

3. The volatility of poly is often an asset for blend- 
in purposes. It will show 60-70 percent off at 212°F. 

4. Sulphur removal is necessary if H.S is over 50 
grains per hundred cubic feet. 150-200 grains per 100 
cubic feet should utilize some process for H,S re- 
moval. 

5. If cracking plant gas has excess butanes the 
refiner can get 10 percent more gasoline if poly plant 
is installed. 

Volume percent H2S Grains per 100 cu. ft 


1.0 percent equivalent 
0.1 percent equivalent 75 


PHOSPHORIC ACID PROCESS COSTS 
1. Costs per gailon of poly distillate have been 
reported as two cents per gallon for catalyst alone 
which makes it appear an expensive process. 
2. Flue gas revivifications have to be cool and the 
water separated. Water makes the acid corrosive and 
ammonia is needed to prevent corrosion. 


BLEND VALUES 
The blending value of the poly distillate is 100 
when 5 percent is blended with 62 octane gasoline, 
this as determined by the L-3 method. 


CONVERSION PERCENTAGE 


The refiner when manufacturing a poly distillate 
of 10 pound R.V.P. and 400°F. E.P. may expect the 
following conversion. 


49 percent by Wt. 
80 percent by Wt. 
60 percent by Wt. 
85 percent by Wt. 


on propane 
on propylene 
on butane 

on butylene 


Tests on a poly gasoline are as follows: 


ee ALT Be i Ses eerkeecwn Some 51.7 
ON Re XP ee eee ee meet 23 
1) SER aa Oe SR ee Se IMR ey Be rr 0.01 
Cooper. Gish wus. .c 5... bcks s keke 18 
CelnSG + GO ERS os Sc es 7 
iGo BS clamjes, UUme Oe areas tee tthe It 94 
5: POFCERt. TECOVEDY i656. Gaasss 130 
10 percent recovery .:.........- 142 
20 percent recovery 6... 66 ccss 159 
50 percent TeCOVvety ... Secs cs 193 
00: percent feCOVETy 60.566 ¥ oi5 336 
TA eM es (ole og ge ag 416 
Percent recovered «0 6./s56/504 casas 96 
Oct. No. Motor Method.......... 80 
Reid “Vapor Pressure 32555. ch 10.8 


In blending with a straight motor gasoline of 398 
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end point, 2 pounds Reid V.P., and 64 octane number 
by the motor method we get the following: 


Percent straight run..... 100 90 80 70 0 
Pércent: poly (i.e. 3k 0 10 20 30 100 
CSOUGRE ING, Nios Sodas cree 64 68 71 73 80 


In blending the same straight run with 22-pound 
California natural of 21.8 pounds V.P. and 80 octane 
number, we got: 


Percent straight run.... 100 90 80 70 0 
Percent natural: si: 2... 0 10 20 30 100 
Octane No. 65.5 67 69 80 


For lead susceptibility blends were made, 70 per- 
cent straight run and 30 percent poly marked “A,” 
and 70 percent straight run and 30 percent natural 
marked “B,” with following results: 


we hea ony 
Octane Nambet 62:60 ).063 60085. ie Oe 73 69 
lc per ellos 645505 isa. Kaela oe 78 76 
2 CC Her Manon: -4O2S sk ee ee ees 81 80 
3 ce per. alone li o.3... 255.5 54sa ies eae 82.5 83 


We have not yet run the induction period, nor a 
low pressure fractional analysis to determine butane 
content. 


Burners 


.[Continued from page 324] 


12-section alloy bottom plate is suspended by alloy rods 
bolted to the top of the wind box. In the center of the 
bottom burner plate is a manhole damper, which can be 
raised or lowered as required for additional air supply 
and also for heat-distribution control. The manhole 
damper is suspended from three points and can be 
tilted for additional control of heat distribution. The 
oil-burning feature of this combination oil-and-gar 
burner consists of three internal-mixing steam-atomiz- 
ing oil burners equipped with drilled cone tips. When 
burning fuel oil only, the air nozzles and manhole 
damper are adjusted to provide heat distribution. The 
main advantage of this type of combination oil-and-gas 
burner is heat-distribution control at high capacity. The 
burner is also able to operate at low capacity with low 
excess air and satisfactory heat distribution. The main 
disadvantages are: The gas tips become plugged when 
using dirty gas, and high wind box and gas pressures are 
required. Although this type of burner has only been in 
operation for a short period of time, it appears that 
maintenance will be low, regardless of the high-tempera- 
ture air used. 

Figure 17 illustrates some of the various designs of 
oil burners and oil-burner tips used in conjunction wit* 
comb:nation oil-and-gas burners. 

There are other combination oil-and-gas burners 
available, which are equally as good as those illustrated 
in this paper, but lack of time and space prevents fur- 
ther illustrations. It is hoped that this paper will aid the 
combustion engineer toward a better understanding of 
the calculations of stack losses, when burning two or 
more petroleum fuels simultaneously, and aid the pur- 
chaser of gas-and-oil-burning equipment to make a 
more intelligent selection for any particular installation. 
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Recent 


Improvements in 


Natural Gasoline Manufacture 


HE manufacture of natural gasoline in East 
Texas is an interesting study because of several 
characteristics peculiar to the East Texas oil field. 
First it is unusual from the field standpoint where 
one gasoline plant operates on gas taken from a 
large number of wells the majority of which make 
their allowed production in 15 to 30 minutes time, 
and which number tied into each plant would be a 
large oil field in itself. Another interesting feature is 
in the gas which not only is rich in gasoline but con- 
tains large quantities of butane and propane. 
There are 13 large gasoline plants in the field and 
several small units. These plants are connected to the 
majority of the 25,000 wells in the field and produce 
in the neighborhood of 750,000 gallons of gasoline, 
butane and propane per day, or about 540,000 barrels 
per month. 
The Sabine Valley Gasoline Company plant, which 





Hot column, exchanger and inter-cooler equipment. 
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is located four miles north of Kilgore, Texas, began 
operating on April 22, 1935, and has been operating 
continuously since that time with the exception of 
two shut-down periods, 12 hours in 1936 to tie in an 
additional unit, and 2 days in 1937 to tie in additions 
for the production of butane. This plant was con- 
structed in record time of three months under the 
direct supervision of H. R. Dickerson, president of 
the company. The plant is capable of processing 
12,000,000 cubic feet of gas per day producing 60,000 
gallons of 26-pound natural gasoline and 50,000 gal- 
lons of butane-propane mixture. The present equip- 
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ment is designed to manufacture a butane mixture 
containing 10 percent propane, but provisions have 
been made for the installation of additional equip- 
ment to recover 70 percent of the propane available 
in the wet gas. 

FIELD SYSTEM 


It is a general practice for the oil producers to flow 
all their oil through one oil-and-gas separator cen- 
trally located on the lease. One separator handles as 
many as 40 wells although most of the larger leases 
have more than one separator. These separators are 
usually elevated so that the oil will flow by gravity 
into the stock tanks and atmospheric pressure or less 
may be maintained on the separator. This is an ad- 
vantage to the gasoline-plant operator in that a 
higher gas/oil ratio and a richer gas is thus obtained. 

The Sabine Valley Gasoline Company pipe line 
system consists of about 75 miles of pipe ranging 
from 20-inch to 4-inch diameter. The system branches 
out from the plant and connects to the vent lines 
from the separators on the leases. Paralleling these 
gathering or wet gas lines which operate under a 
vacuum is a pressure system which returns the 
residue or dry gas back to the producer for leases 
operations. 

The gas from the vent line is measured by an 
orifice meter and passes through a regulator which 
is set to maintain sufficient pressure on the separator 
to dump the oil into the stock tanks. In most cases 
the separators are elevated so that atmospheric pres- 
‘sure is required while other separators on the ground 
may require as much as 8 or 10 pounds pressure. 
Under these low pressures there are practically no 
vapors coming off the oil storage tanks, and no con- 
nections have been made to the vapor space of these 
tanks. The weighted average separator pressure 
maintained on the leases is less than one pound. 

On the west side of the field, a number of the wells 
are producing salt water, making it necessary to 
treat the oil, which is usually done by heat, although 
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Sabine Valley Gasoline Company, Inc., plant near Kilgore, East Texas 
field, employing the vapor rectification process for gasoline extraction. 





in some cases chemicals of a combination of chemi- 
cals and heat is used. Where heat is used the treat- 
ment is done in several ways. The older custom is to 
flow the oil from the separator into a settling tank 
or gun barrel, where the required heat is obtained by 
circulating the salt water from the bottom of the 
gun barrel through an ordinary boiler. In this way 
the rich vapors driven off by the heat treatment are 
lost unless the gasoline plant operator connects onto 
the top of the gun barrel. Another practice is to 
flow the oil into a combination heater-separator in 
which ‘case the rich vapors go off with the usual gas 
and is received into the gasoline plant. A third 
method is that of flowing the oil through a heater 
before going to the separator, which heater may be 
a boiler or may just be a heated pipe coil, and the 
gasoline plant benefits also by this treatment. 

In order to keep a uniform supply of gas coming 
into the gasoline plant throughout the day and night, 
it is necessary that a definite time schedule be worked 
out for these wells to flow under, and the mainte- 
nance of this schedule speaks well for the cooperation 
obtained from the producers and lease operators. This 
schedule is usually arranged so that a producer will 
alternate his leases between day and night flow, or 
one producer may alternate with another producer. 


PLANT FLOW SHEET 


The process employed by the Sabine Valley plant 
is the vapor rectification process, operating under 


Petroleum Engineering, Inc., patents, which consists 


essentially of compressing the wet gas up to a re- 
quired pressure and passing into an ordinary frac- 
tionating column or stabilizer (or hot column, as it is 
sometimes called), where the gasoline product is 
taken from the reboiler and gas passed out the top 
through coolers for condensing reflux. 

In order to recover a high percentage of butane 
in the product, it is necessary to operate the column 
at lower temperatures than found in an ordinary 
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vapor rectification plant. Since reflux is condensed 
at a temperature lower than can be obtained by using 
water as a cooling medium, boiling propane is used 
for this purpose. 

The process is shown in detail in the accompanying 
flow sheet. The wet gas comes into the plant through 
four master meters into two tanks, where any large 
quantity of oil is removed, and on to scrubbers for 
extracting any entrained oil. The compression plant, 
which consists of 12 twin, direct-driven gas-engine 
compressors, compresses the gas from 10 inches 
mercury vacuum to about 40 pounds gauge in the 
low stage, and discharges into a scrubber to remove 
any compressor oil. The intercoolers are maintained 
at a temperature which will sufficiently cool the gas 
but minimize condensation, since gasoline obtained 
here is off-color and no provision has been made for 
treating this product. From the intercooler gas scrub- 
ber, the gas is compressed to about 285 pounds 
pressure and discharges into a scrubber and then on 
into a water-cooled gas cooler and a gas exchanger 
which further cools the gas to about 85°F. before 
entering the recovery column. This column is a 
standard fractionating column 60 inches in diameter 
and contains 24 bubble cap trays and operates at 275 
pounds pressure. 

A temperature of about 220°F. is maintained in 
the reboiler. This temperature gives a product having 
a vapor pressure of about 65 pounds Reid, and which 
contains practically all of the butanes and an excess 
quantity of propane which is later removed. No ap- 
preciable amounts of methane or ethane are present. 

The gas from the top of the column passes through 
three vertical condensers operating in parallel to 
condense the reflux necessary for the column’s opera- 
tion. The uncondensed vapors, or dry or residue gas, 
which is cooled to about 42°F., passes through the 
gas exchanger cooling the wet gas. From the ex- 
changer the residue gas passes through a back pres- 
sure valve operating to hold a constant pressure on 
the recovery column. The gas then enters the field 
residue-gas system, whose pressure is maintained at 
175 pounds by venting off and burning the un- 
used gas. 

It has been found that the quantities of water 
vapor in the wet gas will form hydrates at the low 
temperatures required in the condenser tubes, and 
which greatly decrease the condenser efficiency. A 
water trap has been placed on the feed line between 
the gas exchanger and the recovery column, and re- 
moves a considerable amount of water that would 
otherwise be carried over into the reflux condensers. 
It is also necessary to periodically allow the reflux 
condensers to heat up for about 10 minutes to 
“defrost,” or thaw out these hydrates. 

Since practically all of the butanes are recovered 
in the recovery column bottoms, propane must be 
condensed for reflux. This can be done by cooling 
the overhead vapors down to about 42°F. and which 
temperature is obtained using boiling propane as a 
cooling medium. The system is designed to use pro- 
pane as a refrigerant because practically pure pro- 
pane is available in the reflux stream over the depro- 
panizer column. This propane circulates in a closed 
system which consists of compressing the propane 
gas to about 200 pounds, at which pressure it 1s 
condensed in water-cooled condensers, and is col- 
lected in a tank. From the propane tank the liquid 
passes through an exchanger and is fed into an ex- 
pansion tank, which is merely a common vessel con- 
nected to each condenser at the bottom for the liquid 
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to enter and at the top for the vapors to escape. The 
expansion tank is at the same level as the condensers, 
and a propane level is maintained in the tank so that 
the condensers will be filled with liquid. This tank, 
as well as the three condensers, is insulated to retain 
the cold temperatures. The cooling in the reflux con- 
densers is obtained from the latent heat of vaporiza- 
tion of the propane, and not from the expansion. The 
temperature is governed by the back pressure held 
on these units, and averages about 60° pounds. 


The gasoline and butane-propane mixture from 
the reboiler pass through coolers into a surge tank, 
which takes up slight variations in the load so that a 
constant feed rate may be had for the stabilization 
units. As stated before, this product contains an 
excess quantity of propane, which is later removed. 
Specification product could be made on the recovery 
column, if there were no variations in the wet-gas 
load, but since every change in the load alters the 
equilibrium in the column, it is advisable to make a 
higher vapor pressure product here and stabilize in 
a second step. 

The unstabilized mixture is pumped through a heat 
exchanger into the depropanizer fractionating col- 
umn. This column is 42 inches in diameter and con- 
tains 30 trays, and is now operating at 225 pounds 
pressure. All of the overhead vapors are condensed, 
and the excess liquid flows into a reflux tank. The 
normal reflux rate used in the depropanizer is about 
six mols reflux to one mol excess reflux. This excess 
reflux is pumped from the reflux tank through a 
water-cooled cooler and a propane-cooled cooler so 
as to lower its temperature to the same as the re- 
covery reflux stream with which it is mixed as 
needed. A flow controller measures the total reflux 
pumped into the recovery column and operates the 
excess reflux pump. A liquid-level control on the 
recovery reflux separator operates a pump so that 


‘this reflux is all pumped directly into the column. 


These two reflux streams give a ratio of about one 
half mol reflux to one mol dry gas. 

The depropanizer reboiler is operated at 220°F., 
which temperature may be varied to adjust the 
amount of propane required in the butane-propane 
product. The reboiler product passes directly into a 
debutanizer fractionating column, which is 66 inches 
in diameter, contains 30 trays, and is now operated 
at 150 pounds pressure. This fractionates out the 
remainder of the propane and the excess butanes not 
required in making the desired vapor pressure gaso- 
line. All of the overhead vapors are condensed and 
the excess liquid passes through a cooler and on to 
the butane propane storage tanks. A reflux ratio of 
about three mols reflux to one mol overhead product 
is maintained. 

The butane propane product and the natural gaso- 
line are sold to Hanlon-Buchanan, Inc., which pumps 
these products from the tanks into its pipe line 
gathering system, 

The auxiliary equipment consists of steam-driven 
centrifugal water pumps and an electric generator. 
Water supply is obtained from three deep wells 
operated by gas lift. This water goes directly into the 
distillation water-cooling tower pit from which 
pumps circulate it through the closed-type coolers 
and bask over the louvre-type cooling tower. Most 
of the coolers on the fractionating equipment are 
connected in series so that the coldest water goes 
where the lowest temperatures are required, and then 
goes to other coolers where higher temperatures may 
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be maintained. If all of the units were placed in 
parallel, a much larger amount of water would have 
to be circulated. A control holds a constant level in 
the cooling-tcwer basin by letting the excess hot 
water flow into the jacket-water-hot-well pit, and 
which amount is equal to the well-water flow less 
the cooling-tower loss. The jacket-water system is 
an open system with the water flowing by gravity 
from the storage tank over the engines and com- 
pressors into the hot-well pit, from where it is 
pumped back over an elevated cooling tower into the 
storage tank. Any excess water overflows from the 
hot well to waste. An alkaline solution of sodium 
chromate is added to the well water to minimize 
corrosion caused by a small amount of free oxygen 
present. 

Steam is generated in five oil field-type boilers 
operating at 150 pounds pressure. Boiler-feed water 
is obtained from the return steam system plus dddi- 
tional make-up taken from the engine hot-well pit. 
A small amount of monosodium phosphate is added 
to the feed water to limit caustic embrittlement. 


The following table shows the plant utility data: 








a Ns ig die cre neces gb cedicccsccees 2,760 
soon 0 45 6 056.0 0.8@S Gees reseee 460 
ES SO a air, ox oo 6.0.5. 0 60k ee dncedss avoun eee 438 
ES OS 2,100 g.p.m. 

Sos dg. dna nd. ©, 6 616 SK oe 816 4d 6:0 Bier 2,100 g.p.m. 

ee ee ee ee capi ta cb oe CoRR eR ese eaeee 100,000 gal. 
er ie eh hie ie oe ws pase ee he eee ke 66d ps oweaee 100,000 gal. 





feet wet gas, which represents 95 percent butane 
extraction. 

An analysis of the butane-propane product being 
manufactured is as follows: 











Percent 
Liquid 
Volume 





SS ted aire so i a dh ory’ ad ts We ARON Wk ae oats Ab cele oid 10.76 
ES Bie, SOs SO nd tid vc Goo edin We ke MAROON aos Soe 32.95 
I ss) ae bangs, broil i aumica a Suaern ae 56.29 


100.00 








An analysis of the 26-pound Reid natural gasoline 
from the plant is as follows: 











Percent 

Liquid 

Volume 
EE ORI FEF COS EO PO gee eer Pa ee Oe ee TE rey 1.05 
I ion 55, Sigira a gdp ho stam har ED WTA, oo ke eo oe See 31.61 
Ts ore Gh o's Pita andlne aaa pao CME OMS RAM we SRE OR OEE 22.24 
i 8s. 5 ans ah wa tal Gladcein Give and 4 hes She Kgaane aie ete 19.08 
EE ba 0 ie dg Dink bank Shs des Ch RRS a Oe wes Oe 16.42 
Oe ee re ee Dee Mee? ees ee a 5 ight ae a rae 9.60 

100.00 








The A.P.I. gravity on the 26-pound averages about 
90.9. The recovery at 140 Engler distillation averages 
85 percent. 

The operating conditions on the three columns are 
summarized in the following table: 





An analysis typical of the gas coming into the 
plant is as follows: 














Percent 
Mol. G.P.M. 
RE Ie ES ER a | eS ae ee 
DOES COS SEES eer eer SL RS ee 
ARS NEES ES Se are erence ree 22.29 6.13 
ge an ee le Poe eas. «gp ddcnd aciw's wines é 4.01 1.30 
SES SS Pe reer ee 10.05 3.18 
ERS Se ON ne er ee roe 2.67 0.97 
IDS 5. 0:0 0416 Ueoae vice tkees or 196 | 0.63 
BE ie ws eu Gh ean e esis * i 0.53 
tien aS Macdtnkenid.d5.5-0.0 66 .| 0.80 | 0.37 
100.00 








The composition will vary somewhat over the field, 
but the atmospheric temperature and the separator 
pressures have more effect on the heavier hydro- 
carbons since at the present time the gas is in solu- 
tion in the oil at bottom hole pressures. The gas 
contains practically no sulphur, so no caustic or 
doctor treatment is necessary. 

The present operation of the plant is to recover 
over 90 percent of the butanes and enough propane 
to produce a mixture of butanes containing 10 per- 
cent propane. An’ analysis of the residue gas from 
the plant is as follows: 














} 
| Percent 
| Mol. G.P.M 
| OY Rah oe REE Le, a ae as | "SS aaa 
eh oe Bae dee kha e cea ec Oe iinet 6 60d oe Gi ae 
SEE ON BG ES re ee rrr 27.93 7.67 
ete | SOY o 5 ade gio MEMO as Se Gt.0 we 0.47 0.15 
I Oe Pee ee ere 0.41 0.13 
100.00 








This shows 0.28 gallons of butanes per thousand 
cubic feet of dry gas, or since the volume of residue 
gas is approximately 80 percent of the wet gas, there 
are only 0.22 gallons butanes per thousand cubic 
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Recovery Depro- Debu- 

Column panizer tanizer 
Onerating pressure. ..... 0. ccc ececs 275 tb 225 tb 150 tb 
Feed Temperature................ 85° F. 154° F. 190° F. 
Reboiler temperature.............. 220° F. 230° F. 236° F. 
IIs i o's oc aeniceese cc 70° F. 118° F. 174° F. 
eee patton, sa 0.5/1 6/1 3/1 




















The production data from the plant for March on 
the basis that there had been no Sunday shut-downs 
are as follows: 








SEE EE EEE OT OE OE 10,917,000 cu. ft 

Average 36 Ib. Gaily production... ..... 2... cccccccccccces 45,317 gal 

Average propane butane daily production.................. 34,247 gal. 
Average total daily production. .............0cccccccccees 79,564 gal. 
Average oil flowed daily on leases.................-..0005- 33,432 bbl. 
I 2 oo old Gris bad ha. ein amas dsea he oes 327 
Average gal. 26 lb. gasoline recovered per bbl. oil........... 1.355. 








CONCLUSION 

The vapor rectification type of plant is especially 
applicable to the type of gas in the East Texas field. 
due to the large percentages of ethane, propane and 
butanes. When additions will be made to the Sabine 
Valley Gasoline Company, Inc., plant for the recov- 
ery of high percentage of propane, it will be neces- 
sary to condense ethane for reflux and this will re-- 
quire compressing the overhead vapors from the 
recovery column to approximately 700 pounds pres- 
sure before passing through the reflux condensers. 
The reflux obtained will be expanded into the top of 
the column. 

The advantage of this type of plant is the installa- 
tion cost and the ease and economy of operation. The. 
process in itself is quite simple and requires a mini- 
mum of attention from the operator. The cost is low 
on account of the low water circulation and the low 
quantity of steam required. It is also an advantage 
to have high pressure residue gas available for the 
field where a saving is obtained in the smaller residue 
pipe lines required. 
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HE natural gasoline industry has a surpassing 

record of vigor, energy and courage. It is a re- 
markable achievement for an industry “sired by a 
roustabout and dammed by two-inch pipe” to have 
attained its present stature. Think of the advances 
that have been made: the oil absorption process, 
fractionation, Reid vapor pressure, the natural gaso- 
line grading system, motor fuel blending, liquefied 
petroleum gases, blimps, tanker shipments, poly- 


merization, and many others. 


There is no doubt but that the natural gasoline 
industry will resume its vigorous record of achieve- 
ment. Momentarily, however, we have sunk into the 
apathy of depression complexes. Practically all of 
our energy has been given over to the grim neces- 
sity of weathering the economic storms of hard 
times. That we have weathered the storms is proof 
enough that we are capable of industry, the final 
step in the sequence of events leading to constructive 
3ut one is reminded of the maxim “All 
work and no play makes Jack a dull boy.” We are 
too prone nowadays to consider our job is well done 


progress. 


when we have survived another month. 


The essential ingredients of progress are imagi- 
nation, initiative, and industry. First, there must be 
the idea; second, a start must be made; third, there 
is the continued hard work of application. It is the 
purpose of this paper to demonstrate that imagina- 
tion has not been dead. There are plenty of ideas 
awaiting development. There are numerous prob- 
lems to be solved if natural gasoline is to retain its 


usefulness and value. 

In the following paragraphs several of these ideas 
will be discussed ; several of the problems will be re- 
iterated. There is nothing particularly new about 
them except that perhaps they have been forgotten 
or overlooked. 

In preparing this compilation considerable use has 
been made of the proceedings of the annual conven- 
tions of the Natural Gasoline Association of America. 
If you should reread these interesting documents 
you will most likely be impressed with the unanimity 
of opinion as to the most serious economic flaw of 
the natural gasoline industry. That flaw is the lack 
of adequate storage facilities for the proper market- 
ing of a product in seasonal demand. Hence, it 
seems appropriate to first review this subject. 


SEASONAL STORAGE 


Under almost any conceivable circumstances, nat- 
ural gasoline has been, is and always will be con- 
fronted with a very serious seasonal storage prob- 
iem. In the summer time when refinery stocks are 
being depleted and motor fuel prices are at_ their 
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best the opposite conditions prevail for natural gaso- 
line. 

In many instances summer natural gasoline can 
profitably be stored in refinery tanks for winter con- 
sumption. Considerable use has already been made 
of this idea but the practice could become more 
widespread with mutual profit to both the refiner 
and natural gasoline manufacturer. 

Possibly the most satisfactory solution to the 
seasonal storage problem is to install more storage 
facilities at natural gasoline plants. Butane-free nat- 
ural gasoline can be stored through the hot summer 
months in inexpensive tanks. Near every natural 
gasoline plant there is no doubt an old crude oil 
storage tank which might be leased or purchased at 
a depreciated value. With cleaning and moderate re- 
pairs such tanks could be used to store many days’ 
production of butane-free natural gasoline. Since 
most natural gasoline plants can extract excess bu- 
tane in the winter time the stored low vapor-pressure 
natural gasoline could be brought up to such vapor 
pressure requirements as the winter market required. 

The present storage facilities of the natural gaso- 
line industry forces unwanted material on the cus- 
tomer in larger quantities than he can use in the 
summer time and creates a scarcity in the winter 
time, when the customer could use more than is 
available. Neither sales policy is sound. A rational 
program of natural gasoline manufacture and storage 
would include the summer manufacture and storage 
of butane-free natural gasoline permitting the buyer 
to establish the market in respect to volume and va- 
por pressure. As we all know, in the present practice 
the sales pressure of filled storage tanks now dictates 
the summer markets for natural gasoline. 


BUTANE CONTENT OF BLENDING 
NATURAL GASOLINE 


The natural gasoline industry has never had quite 
enough courage to face the fact that there just isn’t 
much market for butane in summer natural gasoline. 
The modern refinery, if it utilizes all the butanes- 
butenes formed in its cracking stills, can make a 
finished gasoline of 13-pound vapor pressure. Thus, 
into a market already crowded we are crowding still 
more butane. 

If one assumes that butane-free natural gasoline 
merits a price corresponding to similar refinery prod- 
ucts less the extra transportation, it can be calcu- 
lated that butane in natural gasoline actually pulls 
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down the market value of the butane-free natural 
gasoline and this effect is very pronounced at sum- 
mer price levels. This condition boils down to the 
fact that through the medium of price reductions 
the natural gasoline manufacturers are forcing their 
customer to buy something he does not need. 


RELATIVE QUALITY OF NATURAL GASOLINE 


Perhaps the most urgent problem before the nat- 
ural gasoline industry today is summarized by the 
following two facts: 

(1) During the past decade there have been very 
pronounced improvements in the volatility 
and octane number of refinery gasoline. 

(2) During the same interval there has been little 
improvement in the quality of natural gasoline. 

This simply means that natural gasoline. is worth 
relatively less as an ingredient of motor fuel than 


it was worth 10 years ago. The natural gasoline in- 


dustry needs to give serious thought and action to 
this decreasing value of its product relative to re- 
finery gasoline. 

Recently we have made some interesting calcula- 
tions pertaining to the trend in the volatility of re- 
finery gasoline. According to these calculations five- 
sixths of the volatility of motor fuel in 1927 was 
obtained from natural gasoline, whereas in 1937, 
natural gasoline contributed only one fourth of the 
volatile fractions incorporated in motor fuel. Coin- 
cident with this change in the origin of the major 
supplies of volatile fractions, there has been a pro- 
nounced inerease in the octane number of average 
refinery gasoline. 

As a matter of fact with the inevitable reduction 
in vapor pressure of natural gasoline there has been 
a decline in the anti-knock value of natural gasoline. 
Thus, while refinery gasoline has been forging ahead, 
natural gasoline has slowly given ground. 

Can anything be done to improve the quality and 
usefulness of natural gasoline? This is a serious 
question which should receive the courageous atten- 
tion of natural gasoline manufacturers. 


VOLATILITY AS A PREMIUM MOTOR FUEL 
QUALITY 


In a previous paper, the writer suggested that the 
natural gasoline industry should exploit volatility as 
the premium quality of motor fuel. It has always 
seemed that the oil industry missed a good thing 
when it did not emphasize volatility as thoroughly as 
anti-knock properties have been exploited. At these 
annual meetings we have had scientific proof that 
volatility can and does contribute in a major way 
to motor performance. Currently the market for 
premium motor fuel is in the doldrums. Maybe vol- 
atility is the best way to revive the market. Is it too 
late to do something about volatility as the premium 
quality of motor fuel? 


MAKING VOLATILITY MORE USEFUL 


One of the chief difficulties in the marketing of 
natural gasoline is its limited usefulness in blending 
in summer grades of motor fuel. Early every fall the 
buyer’s interest must be revived. 

The pronounced differences in volatility of nat- 
ural gasolines of high- and low-pentane content were 
carefully studied by the association in the develop- 
ment of the natural gasoline grading system. To 
provide for either intentional or unintentional va- 
riations in the pentane content of natural gasoline 
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the specification factor defined by percentage evap- 
orated at 140°F. was.adopted as a major requirement. 

The low-pentane naturals, i. e., those with very low 
percents evaporated.at 140°F., are especially adapted 
for blending in summer motor fuels while the high- 
pentane naturals are ideal for blending: in winter 
motor fuels. 

As a means of overcoming the limited summer 
usefulness of natural gasoline it is suggested that 
renewed consideration be given to the removal of 
pentanes intended for blending in summer grades of 
motor fuel. The pentanes removed could be added to 
unprocessed natural gasoline going to storage for 
winter consumption. Or the removed pentanes could 
be stored separately in the event the practice per- 
mitted the sale of the entire output of the plant. 

The summer grades of natural gasoline thus pro- 
duced would fall in the lowest volatility grades of 
our grading system while the winter grades would 
fall in the highest. Not only would such a practice 
improve the seasonal usefulness of natural gasoline 
from a quality viewpoint but it would also greatly 
improve the seasonal quantity picture. And inci- 
dentally there would be a tendency toward a con- 
stant use of butane the year around. 

Figure 1 shows what happened to the butane con- 
tent, vapor pressure, and percent evaporated at 140° 
F. of one natural gasoline as the pentane content 
was regulated. 


MISCELLANEOUS WAYS OF IMPROVING 
USEFULNESS 
Several important ways of improving the useful- 
ness of natural gasoline which merit consideration 
are as follows: 
(1) Bulk station blending of natural gasoline. 
(2) Blending in crude oil for transportation to re- 
fineries. 
(3) Transportation to refinery centers with poly 
feed. 
THE ANTI-KNOCK CHARACTERISTICS OF 
NATURAL GASOLINE 
The octane numbers of the chief constituents of 
natural gasoline are shown in the following tabu- 
lation: 


ee ES ER ELT Pe ed FE PRT PTA 65 
NE eh Sa snes 3a nb dobar Rida ee Selb tee 90 
PN nog ois ah ccdewbae suhene akae aoeaae 91 


Tso-butane 
Unfortunately the hexanes and heavier of natural 


gasoline to not have very high octane numbers as is 
demonstrated by the following representative ex- 
amples: 











A.S.T.M. Reid 
Octane Vapor 
Pentane Free Natural Gasoline Numbers Pressure 

Re irs wens ean ae CALL eee enews baee 60.2 4.45 
ARES Rak ae Cenk tee Pe eae ae eae a Ge,” SOP ee ite 66.2 3.30 
REE EE a eh er ie Pee re eee 57.0 3.60 
Oe 2A CON i PESEL CET 6 bbe apie ads hand eee alse ee 63.9 3.15 
Beal Was dics ales ba wig a oh hae a wlan dean ae tora eb ediokass Wiatarate ea 56.4 4.05 
Da tiered ee SOE PAOLO RES AE wd Haas Oe bean 61.0 4.50 














The lowest-octane products in the above tabulation 
unfortunately represent the largest production while 
the highest octane samples were obtained from small 
plants operating in small oil pools. Thus the attack 
on the problem of improving the anti-knock qualities 
of natural gasoline can be concentrated on methods 
of improving the hexanes plus fraction which is 
usually about one third of the 26/70 volume. 

It may become necessary for natural gasoline man- 
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FIGURE 1 


The effect of control of pentane content on the volatility, vapor pressure and butane 
content of natural gasoline. 


ufacturers to apply refinery methods for upgrading 
the hexanes plus fraction of natural gasoline. Serious 
study should be given to the application of the va- 
rious polymerization and reforming processes to this 
purpose. 

The octane number loss caused by many sweeten- 
ing processes can be greatly minimized by use of the 
copper sweeteners now going into such general use. 
To illustrate the magnitude of the possible losses the 
following example is cited for a plant handling a low 
vapor pressure natural gasoline: 











OCTANE NUMBER 














Natural Gasoline No TEL 1 cc. TEL 
AE STS CHE ES WF he er IO Ee 66.4 75.2 
SO ORE 8 Sw nk ales be ea owremnes 64.7 73.0 
Comet SINE. 5. oo. chs Helos Si owes cnesnwawean 66.4 75.0 








It has been pointed out that sulfur content has a 
pronounced effect on lead response. Economic meth- 
ods for sulfur removal will certainly improve the 
value of natural gasoline blended in ethylized motor 
fuels. 

The superior lead response and the blending oc- 
tane number effect of natural gasoline will go a long 
way toward curing the declining margin of anti- 
knock superiority over refinery gasoline. However, 
as the trend continues toward higher octane num- 


July, 1938—A Gulf Publishing Company Publication 


bers, natural gasoline will lose relatively more and 
more unless ways are found to participate in the 
same trend. 


ANTI-KNOCK TESTING METHODS 

For the past several years various organizations 
interested in gasoline and automobiles have been 
conducting road and laboratory tests to determine 
the knocking characteristics of cars and motor fuels. 
Many varieties of gasolines were used in the tests 
but natural gasoline was not among them. There 
were various poly gasolines, benzol blends, ethylized 
gasolines, straight-run gasolines, filling station gas+ 
olines, reference fuels, and various cracked gasolines 
but no natural gasoline. 

Now it is a statistical fact that natural gasoline 
represents one twelfth of the nation’s motor fuel 
supply. It is very important to the natural gasoline 
industry that the anti-knock behavior of natural gas- 
oline be included in these studies that are used to 
establish commercial standards. 

The existing standard knock testing methods are 
woefully inadequate for the testing of volatile gaso- 
lines. We have encountered vapor locking in our lab- 
oratory with ten pound motor fuels on hot summer 
days. It can be easily imagined what would happen 
to 20 pound natural gasoline. 

Octane number has become a specification for ex- 
port shipments of natural gasoline with a great as- 
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sortment of modified methods to measure this char- 
acteristic. As a preview of the confusion that will 
arise, the following tabulation shows the octane num- 
ber determinations on one sample of 224pound gas- 
oline by a variety of test methods by one operator in 
one laboratory: 











Octane 

Method Number 
Ee Sdn ok tte OE de dae bike ekoe edness 200GN Sb oee 0 es 74.1 
ras its do PECL tc cao ha:s wae «oly ase. lle su 6’ ¢ tons 76.1 
i es a oe Sa dales es see Maeda a iue hls «ede siveée ses 72.2 
RS a aan oa batt ald K aild Wd oe me Oe Ok ane} Oop 86 1,0 0.0 08 74.2 
i ete ane eS ele th Ga pbeg wean on ooh bees bed vee 73.0 
RE EE aoe el a akg wiapme ede oleae ne 74.3 








And the following tabulation shows the octane num- 
ber determinations on samples of another natural 
gasoline by one method in different laboratories: 











Octane 
Laboratory Number 
a CN MN Rcd ing ec lok's om. PUSS oe:tsn6c na ece seas 75.6 
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eR ne eae aE ues ax a OU Ci adae sone dweer~ nese 76.3 
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Thus, for two very important reasons the natural 
gasoline industry should take an active part in the 
current studies pertaining to the anti-knock behavior 
of cars and gasolines. (1) Commercial testing meth- 
ods and standards may be established without due 
consideration of natural gasoline. (2) Anti-knock 
testing methods applicable to natural gasoline will 
be needed. Two lesser reasons are (3) Contact with 
such work provides valuable knowledge of trends and 
viewpoints pertaining to gasolines and engines. (4) 
The specialized knowledge of natural gasoline men 
can be helpful to the other workers. 

The Natural Gasoline Association of America could 
very well afford to designate some capable, inde- 
pendent laboratory to represent it in this important 
work. 

ISO-PENTANE 


In a recent article we have called attention to the 
fact that iso-pentane is an ideal blending agent in 
the manufacture of 100-octane number aviation gas- 
oline. As a matter of fact, Phillips Petroleum Com- 
pany has marketed millions of gallons of “iso-pen- 
tanized” aviation natural gasoline. The process of 
manufacture consists of separating the natural gaso- 
line into butanes and lighter, pentanes and pentane- 
free natural gasoline. The iso and normal pentanes 
are separated and the iso-pentane blended with the 
pentane-free natural to the conventional seven-pound 
vapor pressure specification. 

Iso-pentane, with its comparatively low vapor pres- 
sure of 20 pounds and exceptionally high octane num- 
ber of 90, combined with its outstanding susceptibil- 
ity to lead, would be an ideal stock in many other 
difficult blending problems. 

The removal of iso-pentane from natural gasoline 
would, of course, lower the quality of the residual 
natural gasoline to a slight extent. For equal vapor 
pressure products the additional butane that could be 
incorporated would offset the loss to some extent. 

However, the essential fact is that the superior 
qualities of iso-pentane are largely lost among the 
relatively inferior other ingredients of natural gaso- 
line. There is the distinct possibility that the natural 
gasoline industry and its customers would both profit 
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if iso-pentane were segregated as distinct commodity 
of commerce. 


AVIATION GASOLINE 


It is noteworthy that three of the major constit- 
uents of natural gasoline, iso-pentane, iso-butane, 
and normal butane, with modest additions of tetra- 
ethyl lead, have octane numbers much in excess of 
100. Is it too difficult an engineering feat to design 
airplane fuel tanks and systems to handle these ma 
terials? Aviation interests are working on super- 
charged cabins for stratosphere flying. Certainly that 
is a much more difficult engineering problem than 
the fuel system problem. Here is an ideal market 
waiting to be tapped. It is a quality market where 
the quality is worth something to the customer. 
The distribution of aviation gasoline will probably 
never present the same problems as motor fuel dis- 
tribution since although there may be a dozen filling 
stations at each airport there cannot be an airport 
at each street intersection. 

You may think this is a pipe dream but the only 
reason butane and pentane cannot be used as aviation 
gasoline is because it has not been done before. 
Admiral Byrd considered the use of propane as avia- 
tion gasoline for his Antarctic expedition until he 
found that at minus 100°F. it took almost as much 
heat and just as much trouble to vaporize propane 
as ordinary aviation gasoline. 

In the meantime the literature is full of references 
to processes which convert iso-butane, butane, and 
their refinery cousins, to extremely high octane num- 
ber aviation gasoline. One process (alkylation) has 
been described by means of which ethane and iso- 
butane can be converted to neohexane (2-2 dimethyl 
butane) which has 97 or better octane number. Other 
synthetic hydrocarbons of high octane number are 
possible. 

It may thus be said with some assurance that 
when better aviation gasolines are made the natural 
gasoline industry will make them. 


POLYMERIZATION 


We have all heard of the attempts made in Ger- 
many, France and Italy to operate automobiles on 
gas derived from charcoal, coke oven gas, and other 
fuel gases. Natural gas would be an ideal automotive 
fuel. One hundred cubic feet of natural gas would 
propel an automobile as far as would a gallon of 
gasoline. Thus at the prevailing retail prices (taxes 
included) a dollar’s worth of natural gas would pro- 
pel an automobile five times as far as a dollar’s 
worth of gasoline. 

Unfortunately, the form-utility of natural gas is 
very adverse to its use as an automotive fuel. Thus, if 
natural gas were compressed to a pressure of 3000 
pounds per square inch the gas tank would have to 
be about four times as large as the present gasoline 
tank to hold as many Btu’s. 

The polymerization processes change the energy 
available in natural gas from the gaseous to the 
liquid form and thus create new markets for natural 
gas. The extreme economic importance of such a 
transformation is exemplified by the manufacture of 
100 octane aviation gasoline with butane as the raw 
material. Butane is almost but not quite a liquid. Its 
octane number is in excess of the requirements for 
100 octane number motor fuel. Thus, the only essen- 
tial change that is effected by the expensive process- 
ing required to make iso-octane is to change the boil- 
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ing point from 27 to 206°F. Basically, the polymeri- 
zation process merely converts gaseous energy to the 
liquid form. 

One way of dramatizing the economic significance 
of the polymerization processes is to calculate the 
amount of motor fuel that could be made from the 
individual hydrocarbons of natural gas if they could 
be converted quantitatively to gasoline. The “if” in 
the preceding sentence is a very big one. For ex- 
ample, the conversion of methane to liquid products 
has not progressed nearly so far as the conversion 
of ethane, propane, and butane. Another big problem 
is the extraction of the various hydrocarbons as poly 
feed. The economic size of plants is another vital 
problem. However, the following tabulation shows 
the quantity of motor fuel that would be obtained 
from one million cubic feet of average natural gas if 
all the hydrocarbons could be converted quantita- 
tively into motor fuel and making no provisions for 
fuel requirements. 








OSE EO ee Oe EEE OC Ee 4,900 gallons motor fuel 
PT eer err Ae near Se ere Sea 1,260 gallons motor fuel 
I sro 5. 2s Grae sk Dai GELS BN ee eae 1,050 gallons motor fuel 
| RRND a SES AAET Re er Bs OE LTR A fore ot 590 gallons motor fuel 


800 gallons natural gasoline 





I sss 5 deck trace ate ee a Gaels Gale eae 8,600 gallons 








Polymerization processes have been described in 
the literature which can convert ethane, propane, 
and butane with weight yields ranging from 10 to 
almost 100 percent. With the high-yield processes 
natural gas can be made to produce four times as 
much gasoline as-is now obtained. The product 
would be a finished motor fuel of high octane num- 
ber, low vapor pressure, and suitable volatility. - 

Of course, it will take many years to perfect and 
apply the polymerization processes to their fullest 
economic advantage. There are innumerable prob- 
lems of chemical, engineering, economic, legal, and 
financial nature to be solved. Thus, it may be stated 
that the preceding calculations represent an objective 
which can never be fully attained. 

If it should develop that the application of these 
gas conversion processes will ultimately enhance the 
value of natural gas it is conceivable that the oil in- 
dustry will begin hunting for natural gas everywhere 
as thoroughly as has been done in West Virginia, 
where for every pound of crude oil produced there 
are also produced 5.2 pounds of natural gas. Else- 
where the ratio is about 0.4 pound of natural gas 
per pound of crude oil. 

Thus, the polymerization processes may ultimately 
revolutionize the entire oil industry. Certainly the 
situation challenges the imagination, initiative, and 
industry of natural gasoline manufacturers to assure 
that this development progresses as rapidly, as 
soundly, and as surely as possible. 


CHEMICAL POSSIBILITIES 


As is exemplified by the polymerization processes, 
the classic definition of paraffin as meaning “little 
affinity” has ceased to worry the chemists. Chemists 
everywhere are turning their attention to petroleum 
as a raw material for new and better and cheaper 
chemicals. Several large oil companies have entered 
the chemical manufacturing field. For example, the 
manufacture of iso-octane is an out and out chemical 
process where it is noteworthy that those companies 
who were already in the chemical field have thus far 
made the most rapid progress. One of the country’s 





largest chemical companies manufactures innumer-’ 
able synthetic organic chemicals from hydrocarbon 
taw materials. Incidentally, in 1937, that concern in- 
vested over fifteen million dollars on construction 
work in its chemical division and cited as the first 
item of its 1937 construction program “Installation 
of pipe lines to, and the erection of raw material 
processing equipment at chemical plants.” 

The refinements of the polymerization processes 
such as alkylation, dehydrogenation, isomerization, 
and selective polymerization open new fields of syn- 
thesis to the chemical industry which coupled with 
the other steps of synthetic chemical manufacture 
will lead to many new products. 

In a recent issue of Life there appeared a picture 
of German tires made from Buna rubber. In Germany 
the raw materials for this synthetic rubber are coal 
and limestone, which are processed to yield butadiene 
which in turn is polymerized to make the synthetic 
rubber. Butadiene is the doubly unsaturated hydro- 
carbon corresponding to normal butane. 

As another example of the chemical possibilities 
of the light hydrocarbons, we have recently described 
a series of resins made from olefins and sulfur di- 
oxide. Other companies are giving serious attention 
to hydrocarbons as the basis for new plastics manu- 
facture. 

As a general rule, the more nearly pure the hydro- 
carbon raw material the more economic will be the 
chemical manufacturing process. Thus, the natural 
gasoline industry with its great skill in the extraction 
and separation of the lighter hydrocarbons, with its 
large raw material resources, and with cheap fuel is 
in an excellent position to serve the chemical in- 
dustry. 

DIRECT FUEL POSSIBILITIES 

The use of liquefied petroleum gas, or natural 
gasoline, as a direct motor fuel has received much 
attention. Considerable progress has been made with 
automotive equipment and with stationary equip- 
ment. There are many conflicting economic aspects 
of this development which require careful study. 
However, here is another market for light ends which 
should be intelligently cultivated. 


PRORATION 

Proration and the growing practice of unitization 
have introduced new problems for the natural gas- 
oline manufacturer. The scientific study of reservoir 
fluids and formations is bringing about an entirely 
new concept of natural gasoline production. Such de- 
velopments as crude oil rectification, maximum 
gas/oil ratios, spacing regulations, distillate produc- 
tion, and many others require, more than ever be- 
fore, the utmost cooperation between the oil producer 
and the natural gasoline manufacturer. A striking 
example of such cooperation in practice is found in 
East Texas where the oil producers take their oil on 
a schedule designed to cause a steady field gas pro- 
duction for the benefit of the natural gasoline plants. 


CONCLUSION 

In these few paragraphs it has been possible to 
mention but briefly a few of the problems and pos- 
sibilities of the natural gasoline industry. There are 
many others and much more could be said about the 
ones mentioned: Nevertheless, enough has been said 
to demonstrate that imagination is very much alive. 
There are far more achievements ahead of than be- 
hind the natural gasoline industry. 
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How Mid-Continents’ New 





Kmployees Learn About 


HE safety work in the Mid-Continent Petroleum 

Corporation is headed by F. B. Koontz, vice 
president in charge of manufacture and his assistant, 
D. Glenn Morgan, general refinery superintendent, 
with the safety department directed by Elmo D. Mur- 
phey, safety engineer, who has been active in this 
position for 17 years. Departmental heads in the re- 
finery, as well as in the field and distribution divisions 
are closely joined in the system, with each employee 
participating individually in the program. 

To impress upon the new employee the importance 
of avoiding injury while at work, and when off duty 
too, for that matter, he is directed to the safety de- 
partment office immediately after passing the re- 
quired physical examination. In this office, Safety 
Engineer Murphey discusses with the man what safe- 
ty means, pointing out to him the gravity of neglect- 
ing common hazards, and impressing upon him the 
urgent need of continual vigilance. Excerpts from 
these remarks follow: 

“Before you go to work in our refinery, I would 
like to talk a little while with you on the subject of 


A daily safety meeting underway. Such meetings may be a 
minute long, or five to ten minutes and they are held 
throughout every department for all shifts. 


Accident 
Prevention 


safety. When you become an employee of this re- 
finery, you assume two duties or obligations toward 
safety in connection with your regular work. The 
first is to be constantly on the lookout for danger. 
This does not mean that your work here is necessar- 
ily more dangerous than in any other manufacturing 
institution, but you must be impressed with the fact 
that wherever you go, and whatever you do, you are 
bound to meet a certain amount of danger. The ma- 
chinery and the processes operated, and the products 
that are manufactured can be safely handled, or they 
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can become dangerous if not used and handled cor- 
rectly. Therefore, you must be constantly on the alert 
for dangerous conditions, or any sign of danger. 

“The second duty that you and all other employees 
of the Mid-Continent Petroleum Corporation have 
toward safety in connection with your regular work 
is to report immediately or correct at once, any dan- 
gerous condition or practice which comes to your 
attention. 


“You will notice that I said you should either re- 
port or correct immediately. What do I mean by the 
distinction between the two? I mean that an em- 
ployee can often correct an unsafe condition or prac- 
tice in a few moments and see that it is made safe 
without the formalitv of hunting up someone else to 
have it done. Take for an example a board full of 
nails. If you see such a board laying around where 
someone might step on the points sticking up, the 
board can be placed out of a dangerous position with- 
out loss of much time. Broken bottles are treated in 
the same manner, or any other condition which may 
present a hazard, which in your judgement can be 
corrected without assistance from another employee. 


THINGS TO REPORT 


“Reporting unsafe conditions means that when you 
see a ladder that is broken, a leaking pipe line, or 
machinery out of repair, you should, and are required 
to report the condition immediately to your superior 
who will issue an order for immediate repairs. Such 
conditions will perhaps be out of your line of work, 
and you may not be in the maintenance department, 
but by reporting the condition, you may remove a 
hazard that might cause an injury, and at the same 
time prevent property damage. 

“Further, I want to explain our use of the terms, 
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‘accident,’ ‘accidental injury’ and ‘personal injuries.’ 
Take the word ‘accident.’ Most of us confuse this 
with an occurrence which causes us to become hurt. 
A so-called accident may be the cause of an injury, 
and again it may not. We may escape an injury by a 
few seconds or a few inches and still have a very seri- 
ous accident. The word ‘accident’ is misused nearly 
every day by all of us. When we consult a dictionary 
for the first time, we are surprised to find that the 
word accident is an occurrence which is unforeseen, 
unexpected, not anticipated, and without apparent 
cause. You notice this definition does not say with- 
out any cause, but it does say without apparent 
cause. 

“Tf a man is using a hammer and chipping chisel to 
cut a key-way, or works on metal without using 
goggles provided for just such a purpose, and a sliver 
of steel flies into his eyes, it is often spoken of as an 
accident. Was not the cause of his injury perfectly 
apparent because of his failure to use protective de- 
vices for his eyes? We may read the headlines in the 
morning paper about a bad accident four miles south 
of town when a driver of an automobile attempting 
to negotiate a curve on an icy highway lost control 
of his car, ran into the ditch and killed himself and 
passenger. Under the definition of the word accident 
this was not an accident at all. The cause was per- 
fectly apparent. In other words, the driver was at- 
tempting to drive too fast around an icy curve and 
the laws of nature could not be overcome. 

“Taking for granted that you are a most careful 
driver, can you guarantee me that when you go out 
on the highway with your car, no matter how careful 
you may be, you are practicing safety first 100 per- 
cent of the time? Is it not true that you must share 
the highway with someone who may be a drunken 
fool, may be subject to a sudden fit of epilepsy, have 
poor eyesight or unable to read roadside signs? 


WHAT IS AN ACCIDENT 


“‘Well,’ you say, ‘What is a real accident like?’ 
I think one like this illustration might be classed as 
an accident. If I buy a new car and have taken good 
care of it the few days that I have owned it, drive 
out on the highway tomorrow morning perfectly 
sober and in control of my faculties, on a good stretch 
of pavement with a sensible speed, when suddenly 
the tie-rod of my steering gear breaks. I lose control 
of the vehicle as it leaves the road and turns over 
several times. I may not be killed, but I have suf- 
fered a broken arm and numerous body scratches. 
Then I firmly believe that I have had a true accident ; 
something that happened without apparent cause. 

“Too many of us use the term ‘accident’ or ‘acci- 
dental injury’ as an alibi for our mistakes and negli- 
gence, lack of judgment, or just taking a chance that 
we will not be injured if we do not use common sense 
precautions, and utilize the safety tools that the com- 
pany has provided for such work as we may be doing. 
If a man is injured in this.manner, he has not had an 
‘accident’ at all. If we get the underlying truth be- 


Elmo D. Murphy, Safety Engineer, Mid-Continent Petroleum 
Corporation, West Tulsa refinery, Oklahoma. 
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Cutting machine with welder watching it cut into a thick 

sheet of steel. The welder is wearing safety goggles equipped 

with dark lenses for protection against the dangerous ultra- 
violet rays at close range. 


hind the definition of the word accident, that is ‘with- 
out any apparent cause,’ we will all become more 
safety-minded, real safety-performing people. 





WHO ARE INTERESTED IN SAFETY? 


“Who has the responsibility for the prevention of 
injuries to employees in this refinery? As I see it, 
three different groups are vitally interested in_the 
prevention of injuries. First, the management. They 
are interested for two different reasons: first, in- 
juries cost money and money spent to repair injuries 
is money gone to waste, for no group or individual 
realizes a profit out of any injury. Another reason 
they are interested in the prevention of injuries is 
because the officers of this company are just like you 
and I. They are men who have hearts in their chests 
and they do not want to see any person get hurt, 
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crippled, killed or laid off because of some occur- 
rence that might have been prevented. 

“Another group just under the top management 
that has an interest in your welfare and a responsi- 
bility for the prevention of accidents, and that group 
is composed of supervisors and foremen. It is their 
job to get the work done, but to get it done safely 
and at the lowest cost. They realize that if injuries 
are suffered by their men they affect the cost of the 
products which are manufactured in their depart- 
ments. Not only is this the reason for their concern 
and responsibility, but they have a deep interest in 
the safety and welfare of the employees under their 
direction. 

“The third, and perhaps the most important group 
that has an interest and a responsibility for the pre- 
vention of injuries is that group made up of the re- 
finery employees as a whole, the workers themselves, 
and their families. This group has the most to gain or 
lose in safety work, and they, of all three groups can 
least afford the money loss that is the inevitable part 
of lost-time injuries. As workers, how many of us 
have a reserve fund, or back-log to fall back upon if 
we are disabled and are forced to lose time from our 
work? When we come to think of it, and give the sub- 
ject thoughtful consideration, it is not strange that 
any company should be compelled to urge, cajole 
and worry with its workers to follow safety prac- 
tices? The workers having the most to gain or lose 
should always be the most staunch supporters of a 
safety program, and should insist that safety practice 
be followed. 


ALL SAFETY MEN 


“In starting to work today, you become one of the 
safety men of this refinery. You may be hired as a 
laborer, a boiler-maker, or as an operator of a still, 
but you are to become one of our safety men. We 
know you will be glad that you are to work with a 
good, safe bunch of men in the plant. We want you 
to be the same kind. 

“In the refinery we have what we call ‘Daily Safety 
Observers’ in every department. The foremen of each 
department makes out a list of daily safety observers 
at the beginning of each month. One man of the 
group in the department serves as safety observer 
each day and has this responsibility in addition to 
his regular duties. He is on the lookout constantly 
during this time for any kind of unsafe conditions or 
practices, whether it originates with equipment or 
the men themselves. In addition to being constantly 
on the alert while he is working at his regular duties, 
he takes ten minutes of his time to look over the en- 
tire department some time during the day. He in- 
spects the machines, the equipment being used, or 
that which is idle, the tools, the material and observes 
what kind of housekeeping is being conducted by his 
fellow employees. Any irregularity or any unsafe ma- 
chine or practices is reported immediately to his fore- 
man, and a list made out for permanent filing of what 
he has discovered. 

“There is also in each department a permanent 
man who serves every day of the month and perhaps 
for months at a time who is called a ‘Department 
Safety Representative.’ At any time you have safety 
matters to discuss, or any questions you wish to ask 
on safety problems, consult your foreman, assistant 
foreman or the ‘departmental ‘safety representative.’ 
These representatives will listen to your questions, 
take any report you wish to make on unsafe working 














A demonstration of the proper manner to get into rescue 
apparatus. This is a self-contained oxygen bottle used for 
going into dangerous atmospheres. 


conditions, and pass them on for consideration, ap- 
proval, or will immediately repair equipment or halt 
any unsafe practice. These departmental safety rep- 
resentatives have a separate organization and use an 
office assigned to them, and meet at least once each 
month as a group. 

“Another way that we have of keeping safety alive 
in every department is to conduct daily safety meet- 
ings in every department, and the night shifts that 
go on at midnight also have these daily meetings. 
These meetings may be only one minute in length, 
five minutes or ten, or perhaps longer as the case 
may be. Each employee is given an opportunity to 
speak in these meetings and to present his ideas 
about how the plant or ‘department may be made a 
safer place in which to work. We hope that you will 
take active part in these meetings, get some real help 
from the discussions, and that you will become an 
even better safety man in the future than you are at 


present. 


PHYSICAL PRECAUTIONS 


“For your protection and safety the company fur- 
nishes all kinds of safety equipment. We have in use 
throughout the plant steel walkways and ladders on 
all permanent structures. We have guard-rails to pre- 
vent you from falling from high places. We have 


Tank cleaners at Mid-Continent Petroleum Corporation’s 
West Tulsa refinery wearing various types of equipment 
such as air hose masks, cannister gas masks and respirators. 
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Modern steel stairway with open-work steps, double hand 
rails and toe boards. 


emergency guy wires that have escapes on them so 
you may descend from high places quickly in case of 
an emergency. We provide gas masks to protect you 
from dangerous atmospheres, and respirators for pro- 
tection against dust and chemicals of various kinds, 
as well as when you are engaged in painting. 

“We provide the very best and safest types of gog- 
gles for the protection of your eyes from impact of 
flying bits of metal, gravel or other objects from the 
air, and goggles with dark lenses for protection 
against dangerous welding rays. There are rubber 
gloves for you to wear when you handle acids or 
caustic, and rubber boots for the same condition. 
We have slicker suits and hats, and recommend and 
can provide safety shoes and boots with steel toe- 
caps to protect your feet from being bruised or 
broken when heavy objects may be dropped. 


EMERGENCY AID 


“We have trained first-aid men who can take care 
of emergency treatment and rescue apparatus such 
as half-hour breathing machines, oxygen kits and 
various kinds of masks. We give training in first-aid 
at various times so you can offer assistance to fellow 
workers, and we have in our medical department a 
first-aid man on duty at all times to take care of any 
injury you may sustain. Never neglect the slightest 
scratch or small injury, but report immediately to the 
first-aid department where it can have proper at- 
tention. 

“T am now going to give you one of our rule books. 
The importance of cooperation and team work is 





stressed. The importance of wearing safe shoes, par- 
ticularly ones with soles in good condition. The im- 
portance of keeping a job pepped up and cleaned up 
with good housekeeping in the department in which 
you work is emphasized. You are told not to guess at 
anything, but always know before you go into a job. 
You are told of the dangers of unnecessary haste— 
the kind of haste that makes waste, and may result 
in injury to yourself and fellow workers. You are 
told of the importance of self-control, the control of 
the temper and the elimination of horse-play or circus 
stunts. You are told of the dangers of fire and explo- 
sion, and how to avoid them. In this rule book, you 
are told of the importance of maintaining your health 
and obtaining the proper amount of rest and sleep so 
that you will be wide-a-wake on the job. You are told 
of rules governing riding on company trucks and 
automobiles, such as not to get on or off while the 
vehicle is in motion; not to ride with any part of 
your body hanging over the sides or rear end, and 
not to have more than one man with the driver in 
the front seat, and not to ride on running boards, 
fenders or bumpers. 

“The safety slogan, or motto of the Mid-Continent 
Petroleum Corporation for the past five years has 
been, ‘Use your head.’ The slogan we are emphasiz- 
ing in 1938 is, ‘Every man a safety man.’ You are 
asked to take this book and read it carefully within 
the next 24 hours and return the receipt showing that 
you have read it and that you will follow it to the 
best of your ability. I hope you will become a real 
safety man in working with our company, and that 
you will follow our old safety motto of ‘use your 
head’ and that vou will take up the idea back of our 
new slogan ‘every man a safety man.’ ” 








Safety walkway along the side of the treating columns, with 
safety tread and double hand rails. 
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FIGURE 1 


Diagrammatic plan of cathodic protection unit. 


Cathodic Protection 


[ts Application in Refineries 


DENIS S. SNEIGR 


ATHODIC protection is applicable to practically 

any piece of metal which is in contact with a 
corrosive soil. However, more factors enter into the 
question than simply applying a cathodic protection 
system to the metal. The composition of the soil as 
well as the composition of the particular piece of 
metal and several other factors all have a bearing on 
the situation. 

Soil corrosion is an electro-chemical action which 
occurs when chemical conditions in the soil sur- 
rounding a piece of metal generate electrical currents 
that are attracted by the piece of metal. Thus the 
potential of the piece of metal is increased until it 
surpasses the potential of the surrounding soil. Then 
at the point or points of greatest conductivity, these 
currents leave the piece of metal. And it is at these 
points that corrosion occurs. 

The principle of cathodic protection is to prevent 
the electrical currents from leaving the piece of 
metal except at certain desired points. As an ex- 
ample, the cathodic protection of a section of pipe 
line is described: 

A ground bed is installed at some distance from 
the pipe line. To this ground bed the positive ter- 
minal of a source of electrical energy is connected, 
while the negative terminal is attached to the pipe 
line. In operation the electrical current enters the 
earth at the ground bed and returns through the in- 
tervening soil to the pipe line. In this manner the 
potential of the earth around the pipe line is main- 
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ATHODIC protection of metals against soil cor- 
rosion or electrolysis, first used in the protection 
of natural gas transmission lines, within the past 
few years has been found applicable to a number of 
other phases of the petroleum industry. It has been 
found worthwhile in the protection of pump shafts, 
| some refineries experiencing corrosion trouble at 
| their water wells have applied the system with 
marked success. Refinery and other tank farms use 
| it for protection of the large tank bottoms, and its 
use has extended to all types of pipe lines for car- 
rying oil, natural gas, refinery gas, water and so 
| forth. The accompanying discussion reviews the 
| development of cathodic protection and describes 
the various types of equipments and systems avail- 
able and now in wide usage. 








tained at a higher level than the potential of the pipe 
line. Figure 1 illustrates the principle of cathodic 
protection of a pipe line. 


TYPE OF UNITS 


In general use today there are four types of ca- 
thodic protection units. These are: The motor gen- 
erator set, the rectifying set, the wind driven unit, 
and the gas-engine unit. 

The motor generator set and the rectifying set are 
employed wherever commercial power lines are avail- 
able. The motor generator set consists simply of a 
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FIGURE 2 


in small houses. 


FIGURE 3 
Early rectifying units were assembled Late type of rectifying units are sim- 
plified and the set is enclosed in a metal 











FIGURE 4 


cathodic protection of piping. 


box and mounted on a pole. 


generator driven by an electric motor. Such sets can 
be built to discharge any required amount of current 
and are being installed mainly in tank farms, pump 
stations and refinery yards. The motor generator 
set requires little or no attention. 

The rectifying unit consists of a transformer for 
changing the high voltage of a power line to the re- 
quired low voltage and a rectifying unit. This unit 
is made up of multiple 3-ampere units which convert 
the alternating current to the direct current neces- 
sary for cathodic protection. The number of 3-ampere 
units used is dependent upon the particular in- 
stallation. For example, if 30 amperes were required 
10 3-ampere units would be employed. 

Such units have been and are being installed 
wherever a pipe line is conveniently located with re- 
spect to a power line. Since there are no moving 
parts in the unit, these sets require practically no at- 
tention once they are installed. The first sets of this 
type were assembled in small houses constructed for 
the purpose, as shown in Figure 2. However, since 
then the unit has been simplified, and now the entire 
set is enclosed in a metal box and mounted on a pole, 
as shown in Figure 3. It is estimated that the average 
life of the rectifying unit is about 10 years and there 
are a great number of these sets in service today. 

The wind-driven unit—first used in 1935—consists 
of a windmill which operates a generator. When this 
machine first was placed in commercial operation it 
consisted of a two-bladed propelle, a generator, and 
a tail to keep the machine headed into the wind. 
Since then, however, numerous improvements and 
refinements have been made. Figure 4 shows a late 
model wind-driven unit. 

The latest type wind-driven generator consists of 
a three-bladed, variable-pitch propeller and a gen- 
erator. The tail has been eliminated and the pro- 
peller mounted at the rear of the machine where it 
serves both as a propeller and as a tail. The elimi- 
nation of the tail reduced vibration and weight. 

The addition of the third blade to the propeller 
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also increased the adaptibility of the machine to 
varying wind conditions in widely separated sections 
of the country. For about a year after its introduc- 
tion, the use of the wind-driven generator was con- 
fined mainly to Texas. However, its utilization rap- 
idly expanded to other parts of the continent, includ- 
ing New Mexico, Kansas, Montana, Oklahoma, Ari- 
zona, Utah, Louisiana and Mexico. 

The new wind-driven unit operates on a direct 
drive between the propeller and the generator, re- 
placing the step-up géar found on the earlier models. 





FIGURE 5 


The engine unit consists of an internal combustion engine 
burning either natural gas, gasoline or kerosene, the engine 
driving the generator. The unit above is open for inspection. 


Improved type of wind driven unit for 








u 











With the direct drive a slower speed generator is 
used which operates between 52 and 240 r.p.m., at 
the latter speed the maximum output being reached. 

The generators on the wind-driven unit are avail- 
able in two sizes—12-volts and 40-amperes and 20- 
volts and 80-amperes. Two other improvements on 
the latest machine are the thermal element which 
protects the generator against shorts, open circuits, 
and over-loads and the manually operated friction 
brake which is used to stop the machine for inspec- 
tion. 

The gas-engine unit is an internal-combustion en- 
gine burning either natural gas, gasoline or kero- 
sene, which drives a generator. Figures 5 and 6 show 
a gas-engine unit opened for inspection and closed 
as it is during operation. The earlier models of these 
engines had a single cylinder and were started with 
a battery which was then cut out and power from 
the generator used in the ignition system. The later 
models have two cylinders while a magneto has 
been substituted to supply the power formerly de- 
rived from the generator. 

The early models were controlled by a governor; 
however, on the newer engines the torque control 
principle has replaced the governor. The torque con- 
trol principle operates the engine at varying speeds 
depending upon the load. These engines operate be- 
tween 400 and 900 r.p.m. and when a speed of 1200 
r.p.m. is reached, due either to a greatly decreased 
or a greatly increased load, an automatic over-speed 
device shuts down the engine. 

Both the wind-driven unit and the engine-driven 
unit are used widely in districts remote from power 
lines where they provide an economical source of 
electrical energy. The windmill can be mounted on 
towers of varying heights to overcome local obstruc- 
tions. In South Louisiana, where minor floods are a 
frequent occurrence, the gas engines are mounted on 
towers to escape the waters. Figure 7 shows a gas 
engine mounted in such a manner. 





FIGURE 6 


Showing the manner in which the engine driven generator 
unit is protected with a small metal housing while in service. 
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FIGURE 7 
Gas engine driven units for cathodic protection mounted on 
tower in region where minor floods are frequent. 


Starr Thayer, one of the foremost authorities on 
cathodic protection, was instrumental in bringing 
about the first practical application of this method 
of protecting pipe lines from electrolytic corrosion. 
Before then, Thayer as well as other investigators in 
this field had been conducting laboratory experiments 
along these lines. 

However, in 1932, Thayer brought his equipment 
out of the laboratory stage and applied it to an actual 
field test on a six-inch pipe line four miles long, near 
Sugarland, Texas. Here the test proved that cor- 
rosion could be arrested completely and at reasonable 
cost. 

The next installation was on the United Gas line 
between New Orleans and Baton Rouge, Louisiana. 
This line was laid in 1927 and by the summer of 
1932, about 5 miles of this line had corroded to the 
extent that a reconditioning program was considered 
necessary. But due to the success of the field test 
near Sugarland, the reconditioning program was 
postponed and cathodic protection applied to the line. 

The success of these first installations has led, 
within the past few years, to a widespread applica- 
tion of cathodic protection not only to pipe lines of 
all kinds but to other pieces of equipment liable to 
corrosion. For example, at a refinery in South Lou- 
isiana, several water wells were abandoned as a re- 
sult of excessive corrosion. Cathodic protection was 
applied to the wells and the corrosion halted. These 
wells are shallow, operated by electric pumps and it 
was a simple matter to connect rectifying units and 
afford the wells protection. 

The Texas Pipe Line Company, which was instru- 
mental in the development of the wind-driven gen- 
erator, evolved a method of protecting storage tank 
bottoms from corrosion. A tank farm, with large 
quantities of metal in direct contact with’ the earth, 
tends to attract electrical currents since this metallic 
area acts as a ground to the pipe lines entering the 
tank farm. In leaving the tank bottoms, these cur- 
rents act upon the steel tank bottoms in the same 
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FIGURE 8 


Detail of insulating flange for storage tank gate valves. 


manner that they would upon an unprotected pipe 
line. At the points where the currents leave the bot- 
tom, corrosion occurs. Most of these electrical cur- 
rents enter the tanks over the pipe lines and as a 
means of stopping this corrosion, The Texas Pipe 
Line Company has installed insulators at the gate 
valves leading to each tank. 

The insulator consists of three ring gaskets each 
¥%-inch thick. These gaskets are installed at the gate 
valve connection. Two of these rings are composed 
of a high dielectric fiber and the third ring is of sheet 
steel. ‘These rings have the necessary holes for the 
bolts which hold the flange assembly together. In 
order to complete the insulation, the bolts are en- 
cased in tubes of the same dielectric material as the 
insulating ring gaskets. The three ring gaskets and 
the bolts are assembled as shown in Figure 8. 


In order to stop some of the current flow, the line 
which leads from the main transmission line to the 
tank farm is raised horizontally above the ground 
for a distance of 75 feet to 150 feet. In this elevated 
section, an insulated flange union is installed. The 
elevation of the pipe and the insulated flange union 
tend to retard the flow of electrical current. 

The Texas Pipe Line Company first installed these 
insulating units at the Electra tank farm. Since then 
similar units have been installed at almost every tank 
farm of the company’s system. Tests made since 
these insulators were installed on the tanks show 
that no appreciable amount of current is flowing 
from the tanks to the earth. 


GROUND BEDS 

When applying cathodic protection to a pipe line, 
either of two types of ground beds are used—the 
vertical or the horizontal. However, the vertical 
ground bed presents the greater advantages and is 
in more general use. A vertical ground bed is con- 
structed by sinking a number of vertical pipes in the 
earth and then bonding the tops of the pipes to- 
gether. 

The usual method for constructing a_ vertical 
ground bed is to use a core drilling rig with large 
diameter bits. Some engineers permit the tops of the 
vertical pipes to show above the ground level while 
others sink the pipes so that the tops will be at least 
two feet below ground level. After the pipes are set 
in the holes, drilling mud usually is poured in to fill 
all the space both inside and outside the pipes. 

The horizontal ground bed consists of a continu- 
ous length of pipe laid in a trench about six feet deep. 
Great care usually is taken in choosing the site of a 
ground bed, test holes being drilled and resistance 
measurements of soil samples being made. For a 
ground bed, engineers usually select the spot where 
the soil shows the lowest resistance. An exception to 
this is the case of a sandv soil and a clay, better re- 
sults being obtained from a clay than from a sand 
even if the sand shows a lower resistance. 

Cathodic protection—as far as its application is 





concerned—may be said to be still restricted, even 
within the oil industry. So far, its application has 
been mainly to pipe lines with very little work being 
done from any other angle. However, it appears that 
the future will see many and varied applications in 
the refineries and gasoline plants as well as further 
work in tank farms. 





FIGURE 9 
A badly corroded pump shaft connection. 
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Empty 


But Efficiency Largely Improved 


ANHANDLE Refining Company, Wichita Falls, 

has been operating cracking equipment of Dubbs 
type for many years, and has processed pressure dis- 
tillate vapors through Gray process clay-filled towers 
almost as long as cracking has been practiced in the 
plant. In order to obtain the requisite separation and 
specifications for finishing gasoline, it was formerly 
necessary to remove the spent clay from the towers 
frequently and refill with fresh fullers earth. The 
reason for frequent refilling had not been determined, 
but always when entering a vessel to clean and re- 
condition before placement of the fresh charge, the 
supporting screens were found warped in various 
places, which indicated channeling of vapors through 
the clay beds. 

One of the towers now used in the clay-treating 
process is part of the original installation, but the 
second tower is a reaction chamber borrowed from 
a revamped cracking plant, and installed to replace 
one of the original towers which was damaged in use 
several years ago. The screens used in the towers 
formerly were more or less conventional in weave, 
were made in segments and placed in the tower laid 
upon supports in the customary fashion. When re- 
conditioning the towers late in 1936, it was decided 
that if a screen could be secured which was formed 
in a single sheet with only one radial separation 
provided for convenience in shipping and in intro- 
ducing it into the tower, then the clay could be used 
for longer periods beause of lessened chance uf 
damaging the supports when cleaning. 

Two clay towers had been used in this plant for 
several years. In January 1937 the conventional and 
original Gray tower was filled with a fresh charge 
of clay. When the new screen was installed, a sub- 
stantial plate was placed on the screen-supporting 
members, and this plate was perforated to permit free 
passage of vapors and polymers. The replacement 
tower, or second in the series, was cleaned at the same 
time but was left empty to act as a “delayed” treat- 
ing vessel. 

The reconditioned tower was charged with 25 tons 
of fresh clay. The piping was not disturbed, so that 
the vapors could travel in series from the bubble 
tower through both clay towers to the final frac- 
tionating column. Originating in the bubble tower 
the vapors at 430°F. pass through the clay treating 
system and are fractionated to end point in the final 
fractionating column. 

Polymers are produced from both of the Gray 
process towers. The first tower which is charged with 
clay separates a material almost black in color, which 
is trapped to the fuel oil flash chamber with no fur- 
ther processing. The unfilled tower of the clay-treat- 
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One Clay Tower 






ing system produced an amber-colored polymer 
stream, almost equal in volume to the production of 
the clay-filled tower, and this material is returned 
to the cracking unit bubble tower for reprocessing. 

Approximately 830 barrels of pressure-distillate 
vapors produced from North Texas crude, are passed 
daily from the main fractionating column and finished 
to specifications as motor fuel. The flow of the vapors 
begins in the main column, passing to the top of the 
first clay tower, which is charged with fullers earth. 
Vapors flowing downward through the bed of clay 
are evenly distributed through the clay, which is 
supported and in which channeling is prevented by 
the improved screen installation and the reinforced 
supporting equipment. 

Instead of handling one stream of dark polymer 
liquid (which was formerly pumped back into the 
bubble column to contact the hot vapors from the 
cracking plant, to be revaporized and passed with 
the pressure distillate vapors back to the clay bed) 
the clay treating system now produced two streams. 
Under the new system the dark polymers are re- 
moved from the clay-filled tower and are pumped 
into the fuel-oil stream. The second, or empty tower, 
where apparently the reaction and formation of 
additional polymers continues, yields a stream much 
lighter in color. These polymers as accumulated are 
pumped to the main bubble column and reprocessed 
with the vapors coming from the cracking unit. It 
was learned from laboratory experiments that these 
polymers could be used again in this manner without 
degrading the finished product. 

In the former operation of the two clay-filled 
towers, it was the practice to wash the clay beds 
with gasoline frequently, and to steam the filled 
towers to remove any polymers that might be held 
in the clay-treating material. Since revamping the 
treating plant, steam has not been used, nor has gaso- 
line been pumped through the bed of clay. The 
original charge of 25 tons of fullers earth, placed in 
the tower in January, 1937, is still in use, without 
cleaning, steaming or washing with gasoline and has 
given no evidence of channeling. 

This sample was taken from the stream after the 
single clay-filled tower had been in operation for 
about 16 months, and after it had treated over 12,- 
000 barrels of gasoline per ton of clay, or a total of 
over 300,000 barrels treated for the original charge. 
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HE prediction of the composition of co-existing 

gas and liquid phases is of value in many of the 
operations encountered in the production and refining of 
petroleum. Equilibrium constants are helpful in this re- 
gard, and afford one of the most practical approaches 
to this complex problem. It is necessary, however, that 
the equilibrium constants employed apply to the par- 
ticular system at the state in question. At the present 
state of knowledge it is impossible to predict accurately 
the equilibrium constants for many of the conditions of 
pressure and temperature encountered in practice. The 
results reported here are to be considered as a tentative 
correlation of the available data relating to the equilib- 
rium constants of the light hydrocarbons under the 
conditions of pressure and temperature commonly en- 
countered in the production of petroleum from under- 
ground reservoirs. There is need for much more experi- 
mental work upon a variety of hydrocarbon systems 
before it will be possible to predict with certainty the 
equilibrium constants for even the simplest paraffin 
hydrocarbons in many of the systems with which the 
petroleum technologist must deal. 

The use of equilibrium constants for the prediction 
of the composition of co-existing gas and liquid phases 
was brought to the attention of the petroleum industry 
by the work of Souders, Selheimer, and Brown.’ They 
reported information concerning the effect of pressures 
as high as 500 pounds per square inch, and of tempera- 
tures over the range normally encountered in refinery 
practice. These results were based almost entirely upon 
the laws of ideal solution and, hence, could not be ex- 
pected to apply with accuracy to systems which deviated 
significantly from this behavior. W. K. Lewis and co- 
workers” * have published information pertaining to 
the composition of co-existing phases, which was based 
in part upon the laws of ideal solution and in part upon 
the experimental data that were then available. Both 
of these investigators presented values only as a func- 
tion of pressure and temperature, and assumed that 
the effect of the nature and amount of each of the 
other components present had a negligible effect upon 
the behavior of the component in question. Recently, 
Sherwood‘ tabulated constants for the paraffin hydro- 
carbons from methane through noctane, the values being 
based for the most part upon the laws of ideal solution. 
Katz® has published the results of experimental investi- 
gation of the effect of pressure and temperature upon 
the equilibrium constants of the paraffin hydrocarbons 
from methane through the hexanes in mixtures of Mid- 
Continent crude oil and natural gas of unknown pro- 
portions. This work affords the only experimental data 
upon naturally-occurring hydrocarbon systems which 
are at present available to the authors. Buckley® has 
reported the equilibrium constant for methane in 
naturally-occurring hydrocarbon systems as a function 
of pressure and temperature.- There is available also 
a reasonable amount of information upon the behavior 
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HE prediction of the composition of co-existing 
| gas and liquid phases is of value in many of the 
operations encountered in the production and re- 
fining of petroleum. Equilibrium constants are 

helpful in this regard, and afford one of the most 
practical approaches to this complex problem. It is 
necessary, however, that the equilibrium constants 
employed apply to the particular system at the state 
in question. At the present state of knowledge it is 
impossible to predict accurately the equilibrium 
| constants for many of the conditions of pressure 
| and temperature encountered in practice. The re- | 
| sults reported here are to ke considered as a tenta- 
tive correlation of the available data relating to the 
equilibrium constants of the light hydrocarbons un- 
der the conditions of pressure and temperature 
commonly encountered in the production of petro- 
leum from underground reservoirs. There is need 
for much more experimental work upon a variety 
of hydrocarbon systems before it will be possible 
| to predict with certainty the equilibrium constants 
for even the simplest paraffin hydrocarbons in 
many of the systems with which the petroleum 
technologist must deal. | 

This paper was presented at Eighth Mid-Year 
| Meeting, American Petroleum Institute, Wichita, 
Kansas, 1938. 

The statements and opinions expressed herein are 
those of the authors, and should not be construed 
as an official action or opinion of the institute nor | 
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of this publication. 





of binary hydrocarbon systems, which is of value in 
predicting the behavior of complex systems. Data of 
this nature have been employed along with the work of 
Katz’ in developing the correlation presented in this 
paper. 

GENERAL CONSIDERATIONS 


The equilibrium constant may be defined as the ratio 
of the mole fraction of a component in the gas phase 
to its mole fraction in a co-existing liquid phase, the 
two phases being at equilibrium. It has been known 
under other names, such as “vapor-liquid vaporization 
constant.”® The term “constant” has been retained in 
the present discussion because of its widespread use, 
rather than from any implication of the constancy of 
this quantity with respect to any of the variables affect- 
ing the state of the system. It can be shown from the 
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phase rule that the equilibrium constant of any com- 
ponent is a function of all the variables which must be 
stipulated in order to define the state of each of the 
phases. Therefore, any method of prediction must of 
necessity be approximate unless all the variables which 
affect the state of the phases are taken into account. 
Serious uncertainties in the evaluation of the equilibrium 
constant under certain conditions of pressure and tem- 
perature may result if this is not done. 

If it is assumed that a system follows the laws of 
ideal solution’ at all of the pressures and temperatures 
involved, the equilibrium constant of each of the com- 
ponents may be predicted (in some cases with difficulty ) 
from the behavior of the pure component. In such 
systems the partial specific volume*® * of each component 
and the partial specific internal energy must be equal, 
respectively, to the specific volume and the specific 
internal energy of the pure component in the same type 
of phase and at the same pressure and temperature. 
No actual system follows this behavior exactly, but 
many hydrocarbon systems approximate it sufficiently 
well that predictions of behavior based upon the laws 
of ideal solution are of value for engineering purposes 
at some pressures and temperatures. In general, hydro- 
carbon systems appear to follow such ideal behavior 
when the components are not greatly different from 
one another in chemical nature and molecular weight. 
In the case of gases, the agreement with the laws of 
ideal solution at pressures in the vicinity of atmospheric 
is sufficiently good to be satisfactory for nearly all 
engineering purposes except those requiring the highest 
accuracy. At high pressures such large deviations from 
ideal solution are encountered that such calculations 
of the volumetric or even the phase behavior of the 
lighter components that are normally encountered in 
production practice are of little value. 

It is sufficient to consider the equilibrium constant of 
a given component to be a function of the prevailing 
pressure, temperature, and the composition and chemi- 
cal nature of the system as a whole. Unfortunately 
there are insufficient experimental data available at 
present to permit such a complete correlation for any 
of the components. Because of this scarcity of facts, 
simplifications which introduce uncertainties of un- 
known magnitude in the resulting correlation must be 
made. This causes errors in the predicted equilibrium 
constant whenever the conditions digress significantly 
from those covered by the experimental work upon 
which the correlation is based. 

It has been necessary to restrict the present correla- 
tions to a consideration of the effect of pressure and 
temperature, and of the molecular weight and chemical 
nature, of the heavier components present in the system. 
This procedure completely neglects the effect of the 
presence of varying amounts of the components from 
methane through the pentanes upon the equilibrium 
behavior of any individual component in question. This 
is known to introduce uncertainty ; but at present, except 
in a few instances, it is impossible to indicate even 
qualitatively the magnitude of this effect. 


THE LESS-VOLATILE CONSTITUENT 


The composition of a multi-component system can 
only be defined completely if the nature and amount of 
each of the components (molecular species) are speci- 
fied. Strictly speaking, the equilibrium constant for each 


* The partial specific volume of a component may be defined as the 
change in volume of a relatively large system due to the addition of a 
unit weight of that component under specified conditions, such as tem- 
perature, pressure and composition. It is necessary that the mass of the 
system chosen be sufficiently large that no appreciable change in 
composition results from this addition. 
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component at a given pressure and temperature would 
depend, therefore, upon the nature and amount of each 
of the other components present. As mentioned above, 
the treatment has necessarily been simplified, and the 
equilibrium constants are considered only as functions 
of the average chemical nature and molecular weight 
of the whole group of components heavier than pentane 
which is contained in the system. 

This composite material will be called the “less- 
volatile constituent.” The oil which, in the normal 
course of production operations, is separated from the 
well production at the surface may be considered to 
approximate the less-volatile constituent in such sys- 
tems, when information is not available regarding the 
properties of the pentane-free oil. Generally, such oil 
is roughly in equilibrium with a hydrocarbon gas under 
the conditions of surface separation. 

The present approach assumes that the equilibrium 
constant of a component at a given pressure and tem- 
perature is dependent upon the average properties of the 
less-volatile constituent. The average molecular weight 
of the less-volatile constituent may be ascertained by a 
cryoscopic method*® with sufficient accuracy for the 
purpose at hand, and appears to be a more fundamental 
index of the average properties of the less-volatile 
constituent of a given chemical nature than are such 
quantities as specific gravity or viscosity. 

There have been developed a number of empirical 
parameters which may be used as indices of the chemical 
nature of a hydrocarbon liquid of relatively low volatil- 
ity. The viscosity-gravity factor developed by Hill and 
Coats’® appears to be a reasonable device for such 
purposes. If this factor is combined with the relations 
developed by McCluer and Fenske, it is possible to 
predict approximately the relative amounts of naph- 
thenic and paraffinic materials that are present in the 
liquid. This factor cannot be applied to systems which 
are nearly pure paraffins or naphthenes, but appears to 
cover many conditions that are encountered in petroleum 
production practice. 

The viscosity-gravity factor A, developed by Hill and 
Coats,” is related by the following expression to the 
viscosity 7’ expressed in Saybolt Universal seconds at 
100°F., and the specific gravity G relative to water 


at 60°F. 
G — 0.10752 logy (n’— 38) 


1 — 0.10 logio (7’ — 38) 


In a previous paper by the authors’® it was found 
empirically that the equilibrium constants applying to 
a system having a less-volatile constituent with a 
viscosity-gravity factor of 0.82 could be corrected by 
use of the following equation so as to apply to systems 
having less-volatile constituents with other viscosity- 
gravity factors: 


Ka = Ko.se[1 + 1.87 (A — 0.82) + 13 (A —0.82)*]....(2) 


The above expression indicates that this correction 
is solely a function of the viscosity-gravity factor, and 
is independent of all other parameters. This undoubt- 
edly is only an approximation, but appears to describe 
the variations in the equilibrium constant with the 
chemical nature of the less-volatile constituent as well as 
it is known from present experimental data. The use of 
such an index of composition disregards the presence of 
any aromatic material in the less-volatile constituent, 
and only indicates the relative amounts of naphthenic 
and paraffinic materials. The neglect of aromatic ma- 
terial does not vitiate the use of the viscosity-gravity 
factor as an index to composition in many cases, but 
care is required in the application of such methods to 
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certain situations where relatively large quantities of 
aromatic compounds may be present. 


CRITICAL BEHAVIOR 

For present purposes the “critical state’ may be 
defined as that state at which each of the intensive 
properties of the two phases become continuously identi- 
cal. From this definition it is seen that the equilibrium 
constant for each of the components:must be unity at 
this point. Inasmuch as the location of the critical state 
is a function of the chemical nature and composition of 
the system, it is necessary to take this into account in 
the prediction of equilibrium constants at elevated 
pressures. 
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FIGURE 1 
The Loci of the critical states for a number of 
binary hydrocarbon systems on a_ pressure-tem- 
perature diagram, 


Figure 1 presents the variation in critical pressure 
with temperature for a number of binary hydrocarbon 
systems. Figure 1 is based upon experimental informa- 
tion concerning the behavior of the following binary sys- 
tems: methane-propane,”? methane-nbutane, methane-n- 
pentane,’* methane-mhexane,’* methane-nheptane,'* me- 
thane-cyclohexane,"* propane-nbutane,’ npentane-nhep- 
tane,*® ethane-uheptane.’’ Although these data do not 
cover all of the possible binary systems obtainable from 
the above-mentioned components, they do _ indicate 
roughly the effect of the nature of the components upon 
the magnitude of the critical pressures and temperatures 
involved. These data indicate that the farther apart 
are the critical temperatures of the two components, 
the greater is the maximum critical pressure attained 
by the system. For example, the maximum critical 
pressure of the pentane-nheptane system is only a few 
pounds per square inch above the critical pressure of 
heptane, while the maximum critical pressure of the 
methane-uheptane system is nearly 4000 pounds per 
square inch above the critical pressure of methane. This 
rapid increase in the maximum critical pressure of 
binary systems containing methane, with an increase in 
the molecular weight of the other component, indicates 
that critical pressures in excess of 7000 pounds per 
square inch would be expected for the binary hydro- 
carbon systems whose less-volatile components had a 
molecular weight comparable to that of the crude oils 
normally encountered in practice. Such a critical state 
is probably never reached, due to the formation of a 
second (possibly asphaltic liquid phase at the higher 
pressures. Under these circumstances the critical be- 
havior becomes exceedingly complex, and there is in- 
sufficient experimental information available at present 
even to surmise which of the many possible types of 
phenomena will be encountered in the case of the 
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ordinary crude-oil-natural-gas systems. The data pre- 
sented in Figure 1 indicate that naphthenic systems as 
typified by the behavior of the methane-cyclohexane 
system exhibit higher critical pressures than are en- 
countered in comparable paraffin systems. 

It is necessary to predict the critical pressures of 
the more volatile naturally-occurring hydrocarbon 
systems, containing a relatively small amount of 
asphaltic material, on the basis of the average prop- 
erties of the components other than methane. This 
procedure is equivalent to the assumption that such 
naturally-occurring systems may be treated for this 
purpose as binary systems made up of one complex 
component and methane. Figure 2 presents the criti- 
cal pressure of binary hydrocarbon systems as a 
function of the average molecular weight of this 
complex component, i. e., all of the components other 
than methane taken as one in this case. The curves 
were based upon the assumption of a linear relation 
between the critical pressure and the relative amount 
of paraffinic and naphthenic material present. It is 
somewhat arbitrary in nature, and should be re- 
garded as semi-quantitative—possibly requiring ex- 
tensive modification as more experimental informa- 
tion accumulates. Again it must be emphasized that 
the presence of aromatic materials has been disre- 
garded in the preparation of Figure 2. In general, 
aromatic materials tend to increase the critical pres- 
sure if other conditions are comparable. 








4000 








3000 








2000 W 


CRITICAL PRESSURE, LB. PER SQ. IN. 




















4 

A 

40 60 80 
MOLECULAR WEIGHT 


FIGURE 2 


Effect of the molecular weight of the other com- 
ponent upon the critical pressure of binary hydro- 
carbon systers containing methane at 160°F. 


It is desirable to point out that the critical pres- 
sures referred to in Figures 1 and 2 are the true crit- 
ical pressures of the system, and should not be con- 
fused with the so-called pseudo-critical points’ 
which have been proposed as a means of correlating 
the volumetric behavior of hydrocarbon. mixtures. 
Pseudo-critical pressures and temperatures are not 
of great value in determining the equilibrium con- 
stants, inasmuch as it is only the true critical state 
which exerts a marked influence upon the equilib- 
rium constants. 


GENERAL APPROACH TO CORRELATION 
In the light of the foregoing discussions, it is pos- 
sible to summarize briefly the general methods that 
have been employed in correlating the equilibrium 
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TABLE 1 


Equilibrium Constants for Methane 
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* These values apply directly only to systems with a less-volatile constituent having a viscosity-gravity factor of 0.82. 


constants for the hydrocarbons that are considered 
in this paper. The equilibrium constants have been 
treated as functions of the prevailing pressure, tem- 
perature, and the nature and molecular weight of 
the less-volatile constituent. It has only been pos- 
sible to include any specific treatment of the effects 
of the less-volatile constituent in the cases of methane 
and ethane. Equilibrium constants of all other com- 
ponents have been considered as functions of pres- 
sure and temperature only. The procedure followed 
neglects the effect of the components from methane 
through the pentanes upon the equilibrium behavior 
of any individual component in the system, and also 
fails to take into account the effect of the chemical 
nature of components other than the naphthenes and 
the paraffins. The effect of the relative amount of 
ach of the components in the system has been neg- 
lected in all cases. 


METHANE 


Methane plays one of the most important roles in 
the volumetric and phase behavior of naturally-oc- 
curring hydrocarbon mixtures. For this reason it is 
important to evaluate the equilibrium constant for 
this material as accurately as possible. Minor errors 
in such an evaluation may completely overshadow 
much larger uncertainties in equilibrium constants 
for the components of greater molecular weight, 
which play a less important part in determining the 
volumetric behavior of the system. Fortunately, 
there is a reasonable amount of experimental infor- 
mation available concerning the phase behavior of 
methane. 

These data have been collected and a correlation 
prepared, which is described in a recent publication’® 
by the authors. The. results of this correlation are 
reported in Table 1, which gives values of the equi- 
librium constant for a series of pressures and tem- 
peratures for systems with less-volatile constituents 
of varying molecular weight, but with a viscosity- 
gravity factor of 0.82. 

The equilibrium constants for systems with less- 
volatile constituents having viscosity-gravity fac- 
tors other than 0.82 may be ascertained by use of 
equation (2). The value of K,,, at the prevailing 
pressure, temperature, and molecular weight of the 
less-volatile constituent can be obtained from Table 
1. From a knowledge of the viscosity-gravity factor 
is determined from equation (1) the equilibrium 
‘onstant for the particular system in question may 
hen be obtained from equation (2). 
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This procedure is somewhat complicated, but it is 
believed that the greater accuracy obtained from a 
consideration of the molecular weight and viscosity- 
gravity factor of the less-volatile constituent more 
than justifies its use. Due to the limitations of the 
use of viscosity-gravity factors for materials of rela- 
tively low molecular weight, it is necessary to em- 
poly a more or less arbitrary correction to the equi- 
librium constants recorded in Table 1 for such ma- 
terials. The constants apply directly to systems with 
a less-volatile constituent having a viscosity-gravity 
factor of 0.82, this corresponding to material which 
is approximately 50 mole percent naphthenic. It is 
possible, therefore, if the chemical nature of the less- 
volatile constituent of low molecular weight is 
known, to make an arbitrary correction to the values 
recorded in Table 1. In the case of systems which 
are substantially paraffinic, recourse to the original 
data’® pertaining to the behavior of the various 
binary systems is helpful. 

Due to the rapid changes in the equilibrium con- 
stants with pressure, it is difficult to interpolate from 
tabulated data with respect to this variable. If, on 
the other hand, the product of the fugacity of pure 
methane gas and the equilibrium constant is em- 
ployed in this connection, a much more accurate in- 
terpolation is possible. Figure 3 presents this product 
as a function of pressure for a series of temperatures 
for a system having a less-volatile constituent with a 
viscosity-gravity factor of 0.82 and a molecular 
weight of 200. From thermodynamic considerations 
it can be shown that this product is equal to the 
fugacity of methane in the liquid phase. If the volume 
of the component in the liquid phase is neglected, 
ideal solutions predict that the fugacity in the liquid 
phase should be a constant which is independent of 
pressure and temperature. 


Figure 3 indicates, in a way, the deviation of the 
behavior of methane from that predicted by the laws 
of ideal solution insofar as its volumetric behavior is 
concerned. At infinite dilution, i. e., at a pressure in 
the vicinity of zero, a limiting value of the fugacity 
of methane in the liquid phase may be obtained, It 
is not within the scope of this paper to discuss the 
thermo-dynamic applicability of such quantities, and 
Figure 3 is to be considered only as an interpolating 
device insofar as its present use is concerned. 


ETHANE 


The experimental background for the phase be- 
havior of ethane in simple and complex hydrocarbon 





353 











systems is somewhat more limited than that avail- 
able for methane. Kay‘? has reported information 
concerning the phase behavior of the ethane-nhep- 
tane system throughout most of the range of tem- 
peratures and pressures where the existence of two 
phases is possible. This work affords a satisfactory 
source of information concerning the equilibrium 
constant for ethane in a less-volatile constituent of 
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Behavior of methane in a system with a less-vola- 
tile constituent having a molecular weight of 200. 


relatively low molecular weight. Katz® determined 
the equilibrium constant for ethane in a system 
consisting of a Mid-Continent oil and gas at pres- 
sures up to 3500 pounds per square inch at 40, 120, 
and 200°F. Sage, Davies, Sherborne, and Lacey”® 
determined the volumetric and a part of the phase 
behavior of mixtures of ethane and a heavy water- 
white oil with an average molecular weight of 337. 
Neglecting the presence of any of the components 
of the oil in the gas phase, it is possible to calculate 
values of the equilibrium constant for ethane in this 
system as a function of temperature and pressure. 
These data permit the evaluation of the effect of 
the molecular weight of the less-volatile constituent 
upon the equilibrium constant, but do not indicate 
the effect of its chemical nature. For this reason it 
was necessary to prepare the correlation of the 
equilibrium constant of ethane on the basis that it is 
a function only of pressure, temperature, and the 
molecular weight of the less-volatile constituent. 








Figure 4 presents the variation in the equilibrium 
constant for ethane with the molecular weight of 
the less-volatile constituent at several pressures at 
100°F. The data indicate that there is a regular in- 
crease in the equilibrium constant with the molecular 
weight of the less-volatile constituent. 

These data indicate a reasonable agreement at the 
lower pressures and temperatures with values based 
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FIGURE 4 


Effect of the molecular weight of the less-volatile 
constituent upon the equilibrium constant for 
ethane at 160°F. 


upon the laws of ideal solution.*It is to be expected 
that appreciable divergences from this behavior will 
be encountered at higher temperatures which are 
appreciably above the critical temperature of ethane. 
The rapid increase in the equilibrium constant with 
a decrease in pressure makes extrapolation, or even 
interpolation, difficult in this region. If, however, 
the product of the fugacity and the equilibrium con- 
stant is plotted as a function of pressure, much of 
the difficulty is overcome. Figure 5 depicts this prod- 
uct as a function of pressure for three temperatures 
for a system having a less-volatile constituent with 
a molecular weight of 200. The use of this product, 
which, in the vicinity of zero pressure, corresponds 
to the fugacity of the liquid, affords a useful method 
of predicting the deviation of the solution from the 
laws of ideal solution at infinite dilution of ethane. 
The use of such a device is of value in ascertaining 
the volumetric behavior of these systems, as it indi- 
cates the limiting value of the partial volume of that 


TABLE 2 
Equilibrium Constants for Ethane 
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Molecular Weight =200 Molecular Weight =300 
Pressure (Lb. per Sq. In.. Absolute) 100° F. | 160° F. 220° F. | 100°F. | 160°F. | 220°F. | 100°F. | 160°F. | 220° F. 
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Fo ees dak seuccccecs 27.3 41.5 | 55.6 28.5 42.5 56.9 30.3 41.9 54.2 
ne ican i38 | 29 | 278 14.4 21.4 28.6 153 21.1 27.3 
es ieee. 924 | 140 | 186 9.66 14.3 19.2 10.3 14.2 18.4 
Ne ee tcc kecccdc mad tees 5.65 8.50 | 11.2 5.88 8.71 11.7 6.26 8.66 11.2 
eee ccsceccce. 3.84 5.73 | 7.56 3.99 5.90 7.88 4.26 5.90 7.67 
NE en ns oe sa ceneotorte 2°93 4.35 5.72 3.06 4.49 6.04 3.28 4.52 5.90 
Ne  marcauwnwes 2:05 2.96 3.89 2:13 3.09 4.13 2.27 3.15 4.13 
EE og eo aaeenuees 161 | 230 2.96 1.66 2.41 3.22 1.79 2.46 3.23 
ee ce gs vag, cencesdos | 1.35 1.90 | 2.42 1.38 2.00 2.68 1.50 2.07 2-71 
Tee en ececeetat | 1.04 135 | 1.70 1.04 1.46 1.93 1.16 1.56 2.02 
nec caadacencsccedl «avacs 1.09 1.35 0.930 1.22 1.59 1.06 1.33 1.69 
eee ccciuaanl. haces Ue eeeabe 1.13 0.868 1.09 1.37 1.01 1.21 1.49 
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component at infinite dilution—a quantity which is 
difficult to evaluate experimentally. 


PROPANE 
The available experimental data for propane are 
limited to the directly-determined equilibrium con- 
stants reported by Katz, and to some values for the 
equilibrium constant for propane in the methane- 
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Behavior of ethane in a system with a less-volatile 
constituent having a molecular weight of 200. 


propane system.”? These data were not considered 
sufficiently complete to permit a correlation on the 
basis of the properties of the less-volatile constituent. 
For this reason the values for propane which are re- 
ported in Table 3 are based primarily upon the ex- 
perimental measurements of Katz.’ Because of some 
inconsistencies in these data at pressures in the 
neighborhood of 1 atmosphere, they have been mod- 
ified arbitrarily to conform more closely to the gen- 
eral behavior predicted from the laws of ideal solu- 
tion. This modification only amounted to approxi- 
mately 5 percent and, therefore, was probably not 
greatly beyond the experimental uncertainty of meas- 
urement in this region. The behavior of propane in 
an ideal solution was predicted from values of the 
fugacity of pure propane which have been reported 
elsewhere.”* 

The disregard of the effect of the physical and 
chemical properties of the less-volatile constituent 
introduces an added uncertainty into the equilibrium 
constants for propane. Fortunately, propane does not 
play as important a part in determining the volu- 
metric behavior of naturally-occurring hydrocarbon 
systems as do methane and ethane. Therefore, a 
somewhat larger uncertainty as to the proper value 
of the equilibrium constant does not introduce a 
comparable error in the predicted volumetric be- 
havior. In this connection, Table 7 has been pre- 
pared, in which are recorded equilibrium constants 
for propane based upon the experimental data for 
the methane-propane system. A comparison of the 
data reported in Table 3 and in Table 7 indicates 
that, at the same pressure and temperature, there is 
a marked difference between the two constants— 
especially at the higher pressures. The larger discrep- 
ancies encountered at the higher pressures are due 
primarily to the relatively low critical pressures ex- 
hibited by mixtures of methane and propane at the 
temperature in question. This indieates that it is 
necessary to modify arbitrarily the values reported 
in Table 3 in such instances that the critical pres- 
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sure of the system in question is below 4000 pounds 
per square inch. In most instances for systems con- 
taining methane, this will only be encountered when 
the less-volatile constituent has a molecular weight 
less than 100, as was indicated in Figure 1. How- 
ever, in the case of systems which do not contain 
appreciable quantities of methane, critical pressures 
below 1000 pounds per square inch are common, 
and care must be exercised in the use of the equilib- 
rium constants of Table 3 for these systems at the 
higher pressures. 


THE BUTANES 


The useful experimental data that are available 
concerning the equilibrium constants for either n- 
butane or isobutane at elevated pressures are again 
limited to the measurements by Katz.® In this case 
no differentiation was made between the behavior 
of nbutane and isobutane, and for this reason the 
values reported in the lower part of Table 4 apply to 
both substances. This procedure introduces uncer- 
tainty, especially in the case of systems in which 
there is a markedly different distribution between 
the relative amounts of ubutane and isobutane pres- 
ent in the system in question and those present in 
the natural-gas-crude-oil system investigated by 
Katz.° 

At the lower pressures in the neighborhood of at- 
mospheric, it is believed that ideal solutions are suf- 
ficiently descriptive of the individual behavior of the 
two separate butanes to replace the combined values 
referred to above, and are used as the basis for the 
equilibrium constants for mbutane and isobutane re- 
corded in the upper part of Table 4. The necessary 
experimental information concerning the behavior 
of nmbutane and isobutane have been taken from pub- 
lications of the authors.?* 7 The values of the con- 
stant for the combined butanes based upon the meas- 
urements of Katz® fall nearly mid-way between the 
individual values obtained from ideal-solution con- 
siderations. This agreement indicates that naturally- 
occurring hydrocarbon systems may follow the laws 
of ideal solutions reasonably well at low pressures 
insofar as the phase behavior of the butanes is con- 
cerned. 

Again it must be emphasized that complete dis- 
regard of the effect of the nature of the less-volatile 
constituent, and of the effect of the presence of vary- 
ing amounts of other volatile components, has in- 
troduced uncertainty into the application of the equi- 
librium constants recorded in Table 4. Errors from 











TABLE 3 
Equilibrium Constants for Propane 

Pressure 
(Lb. per 
Sq. In., 

Absolute) 70° F. 100° F. | 130° F. | 160° F. | 190° F. | 220° F. 
| Gerry 8.18 11.8 16.1 21.0 26.9 33.3 
ee ee 6.03 8.65 11.9 15.6 19.8 24.6 
eer 3.06 4.38 6.06 7.89 10.0 12.4 
60. . 2.10 2.97 4.05 5.27 6.68 8.32 

100... 1.27 1.82 2.46 3.23 4.12 5.05 

RES S 0.871 1.24 1.68 2.20 2.79 3.39 

200.. 0.680 0.951 1.28 1.68 2.14 2.58 

. Ne 0.481 0.670 0.902 1.18 1.50 1.79 

es 0.394 0.537 0.716 0.934 1.17 1.43 

eae 0.343 0.465 0.617 0.795 0.994 1.23 

: Sarre 0.300 0.396 0.506 0.635 0.787 0.966 

cee 0.294 0.382 0.476 0.584 0.705 0.843 
ek eee 0.304 0.386 0.471 0.564 0.664 0.771 
oF SO 0.324 0.397 0.475 0.557 0.640 0.726 
RRR pre 0.347 0.413 0.483 0.558 0.632 0.698 
eS 0.373 0.433 0.498 0.565 0.628 0.681 
BAO. 6504s 0.434 0.480 0.528 0.582 0.632 0.668 
pS eons 0.501 0.535 0.570 0.607 0.644 0.675 



























































TABLE 4 
Equilibrium Constants for the Butanes 
Pressure 
(Lb. per JsoButane 
SARA Sones 
Absolute) 70° F. | 100° F. | 130° F. | 160° F. | 190° F. | 220° F. 
ee 2.87* 4.37 6.29 | 867 11.4 14.3 
ee S88 3.26 4.67 6.40 8.42 10.6 
aR gareegl 1.70 241 | 3.30 4.33 5.37 
RE SINE ai ae a ie 2.26 2.97 3.72 
OU a ets ieee eee roe 2:35 
nButane 
ee 2.04* 3.26 4.85 | 6.85 9.29 11.3 
20. 1.52 2.42 3.60 | 5.09 6.87 8.41 
aati Beara 1.26 1.87 | 2.64 3.54 4.50 
RS ERR Seren : |. 1.82 2.43 3.16 
° STIS RRR, Cae eeaes marae i eee Meee 2.00 
‘The Butanes 
at oe) Wie, De Gee | 
60........} 0.655 1.02 eS ey ‘CMT EE Cerrar 
aes... 0.408 0.632 0.918 1.27 hs Soe 
150........| 0.290 0.446 0.644 0.885 1.19 1.57 
200........| 0.230 0.353 0.508 0.690 0.912 1.20 
0........-| Qari 0.259 0.366 0.497 0.649 0.840 
400........| 0.145 0.212 0.298 0.401 0.525 0.667 
ae 0.128 0.187 0.262 0.349 0.452 0.571 
DS dn cbt ee 0.165 0.226 0.296 0.373 0.462 
1,000. .....:.]. 0.123 0.169 0.219 0.278 0.345 0.421 
1,980........| 0.194 0.179 0.226 0.279 0.338 0.408 
1,500........| 0.150 0.192 0.237 0.288 0.343 0.405 
1.760.......:| ©1608 0.208 0.251 0.299 0.350 0.407 
2,000........| 0.185 0.224 0.266 0.312 0.362 0.414 
2,500........| 0.230 0.263 0.301 0.342 0.386 0.429 
3,000........| 0.293 0.317 0.345 0.376 0.410 0.444 


























* Values in this part of the table are based upon ideal solutions. 


this source become serious in the case of systems 
containing a less-volatile constituent of low molecu- 
lar weight, whose properties are affected markedly 
by the presence of such components as methane and 
ethane. 


THE PENTANES 


The values reported at the higher pressures in 
Table 5 for the pentanes are based entirely upon 
the measurements of Katz,° who reports the only 
data available to the authors concerning the equilib- 
rium constants for the pentanes in naturally-occur- 
ring hydrocarbon systems at elevated pressures. It 
was considered worthwhile to differentiate between 
the behavior of mpentane and isopentane on the basis 
of ideal solution at the lower pressures. These latter 


TABLE 5 


Equilibrium Constants for the Pentanes 








Pressure | 
| 

















(Lb. per IsoPentane 
Se. ia.,  |—_\—_—__, pen nn 
Absolute) | 70°F. | 100°F. | 130°F. | 160° F. | 190° F. | 220° 
| | 
«Baa | 1.3* 2.2 3.3 46 | 64 
sth Saat eel 1.7 25 35 | 47 
aa Bene gee 12 18 | 24 
xPentane 
~~ pe Bn 1.06* 1.74 2.68 3.90 | 5.45 
ans UNatee Geos 1.30 1.99 290 | 4.04 
40. | Ft, Teed | 1.05 1.52 | 2.08 
T he Pentanes 
ee FSG FASS SSS Ss me 
WORE he 0.871 | yh! Se errs ieee 
40........| 0.256 ae’ a aeeerens aegees ui 
pha 0.177 0.299 | 0.491 0.775 1.14 1.52 
” “paneer ar x” 0.182 | 0.297 | 0.472 | 0.690 | 0.923 
150...::.2:| 0.0791 | 0.132 | 0.213 | 0.328 | 0.476 | 0.640 
200....::2:} 0.0637 | 0.107, | 0.171 | 0260 | 0373 | 0.501 
300.......:| 0.0508 | 0.0847 | 0.134 0.197 | 0.274 | 0.362 
Sp aa 0.0461 | 0.0769 | 0.118 | 0.168 0.228 | 0.293 
500........| 0.0448 | 0.0742] O.111 | 0.155 0.204 | 0.254 
750........| 0.0452 | 0.0735 | 0.106 | 0.139 0.175 0.209 
1,000... 0.0516 | 0.0775 | 0.106 0.136 | 0.168 0.200 
1,250. . 0.0586 | 0.0832 | 0.110 0.140 | 0.172 | 0.205 
1,500... 0.0664 | 0.0906 | 0.118 | 0.149 | 0.182 | 0.216 
1.750... 0.0769 | 0.101 0.129 | 0.162 | 0.196 0.231 
2'000. | 0.0904 | 0.113 | 0.141 0.174 0.210 | 0.246 
2'500.. 0.130 0.152 0.177 0.206 0.238 | 0.274 
ae ae 0.188 0.207 | 0.228 | 0.251 0.276 | 0.303 
| | 











* Values in this part of the table are based upon ideal solutions. 
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equilibrium constants for mpentane were based upon 
fugacity values reported in another paper.** The 
values for isopentane were taken from a compilation 
by Sherwood.* The satisfactory agreement of the 
directly-measured equilibrium constants for the pen- 
tanes with those predicted for mpentane and tsopen- 
tane on the basis of ideal solutions is a possible indi- 
cation of the applicability of the latter values to the 
behavior of pentane in many of the naturally-occur- 
ring hydrocarbon systems encountered in practice. 

The neglect of the effect of the less-volatile con- 
stituent and of the presence of other volatile com- 
ponents introduces an uncertainty comparable to that 
described in connection with propane and the bu- 
tanes. However, uncertainty as to the proper value 
of the equilibrium constant of the pentanes does not 
cause as serious an effect on the volumetric behavior 
as do errors in the equilibrium constants of the more- 
volatile components. However, at low pressures these 
constants are of importance in calculating natural- 
gasoline recoveries and for other problems pertaining 
to the recovery of the pentanes from crude-oil and 
natural-gas production. 























TABLE 6 
Equilibrium Constants for the Hexanes 
; 
Pressure | 
ge ow } | 
> wa, 

Absolute) | 70° F. | 100° F. | 130° F. | 160° F 190° F 220° F 
i: ee | 0.250* 0.465 | 0.765 | 1.17, 1.78 2.66 
... | 0.188 0.344 | 0.563 | 0.865 1.32 1.98 
Pere 0.0982 0.178 0.288 | 0.445 0.676 1.02 
ee 0.0668 0.122 | 0.199 | 0.309 0.466 0.689 

Pe 0.0427 0.0775 0.128 0.200 0.298 0.428 

eee 0.0310 0.0556 | 0.0927 0.145 0.212 0.301 

200. . 0.0254 0.0453 0.0755 0.116 0.170 0.239 

ee 0.0201 0.0352 0.0574 0.0875 0.127 0.179 

aes 0.0176 0.0306 | 0.0489 | 0.0738 0.107 0.150 

Tae 0.0165 | 0.0282 0.0446 0.0664 0.0966 0.135 

a 0.0173 | 0.0277 0.0418 | 0.0610 0.0863 0.119 

1,000. . 0.0210 0.0318 0.0461 | 0.0646 0.0871 0.114 
er 0.0260 0.0382 0.0538 0.0725 0.0942 0.117 
1,500. . 0.0326 0.0464 .0635 0.0828 0.104 | 0.125 
Ser 0.0410 0.0560 0.0736 0.0940 0.115 | 0.137 
2,000. . 0.0513 | 0.0670 | 0.0857 | 0.106 0.129 | 0.151 
2,500. . | 0.0805 0.0957 | 0.114 | 0.137 0.159 0.181 
3,000. . | 0.124 0.138 | 0.155 0.174 0.194 0.217 








* Values at pressures below 100 Ib. per sq. in. are based for the most part upon 
ideal solutions. 


THE HEXANES 


Katz® has reported values of the equilibrium con- 
stant of the hexanes as a function of pressure and 
temperature in mixtures of a Mid-Continent oil and 
gas. These data have been employed as a basis of 
the values reported in Table 6. However, the experi- 
mental values have been modified at pressures in 
the vicinity of 1 atmosphere in order to conform 
with the behavior predicted by ideal solutions.* 

Table 8 presents values for the equilibrium con- 
stant for cyclohexane as a function of pressure and 
temperature in the methane-cyclohexane system. 
These-values are based upon the measurements by 
Johnson,* and indicate the magnitude of the equi- 
librium constants for cyclohexane that might be ex- 
pected in naturally-occurring hydrocarbon systems 
of relatively low average molecular weight. 


THE HEPTANES 

The experimental work of Kay*’ upon the phase 
behavior of the ethane-heptane system gives informa- 
tion concerning the equilibrium constant for heptane 
in this system throughout a greater part of the range 
of pressures and temperatures in which the exist- 
ence of two phases is possible. Johnson" investigated 
the phase behavior of the methane-nheptane system 
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TABLE 7 
Equilibrium Constants for Propane 





TABLE 8 


Equilibrium Constants for Cyclohexane 



































cs ~~" Methane-Propane 37 tem Methane-Cyclohexane System* 
(Lb. per _ = 
Absolute) 70° F. 100° F. 130° F. 160° F. 190° F Pressure (Lb. per Sq. In., Absolute) 70° F. 100° F. 130° F. 
re Scat main dang 0.597 SEE. JE: tp acpiangk a ccnandae sat caine acd ola 0g 5 suing ie nae nd ed eS Ae 0.0265 0.0377 0.0530 
CET Ghd ac cea aiee eke a 0.417 0.551 0.687 el Eee A MMS Zo. ko oic'o nih als a WhcAPN weal Ok ose wee 0.0194 0.0282 0.0410 
NS od nas wa vidoes 0.385 0.498 0.622 0.782 0.940 RD isin ora a' <'a's pivie'dcidle wou sme ada Sie 0.0163 0.0242 0.0360 
GI ARB He Ba 0.414 0.529 0.660 ae aia Ss .0o.5 4 sesia lerdal» bicla'ars'g Sia ole aelio oes 0.0153 0.0236 0.0366 
2 SSR GRIC CE Raed oe 0.525 NS Fe RSE: URS tae ae TR res We aed a erie ee pater 0.0175 0.0287 0.0470 
by Be a Gad wince # alae Puahaca Siete: Sa Alal wre ciate ane ouate ee 
throughout a wide range of pressures at three tem- 3'50011.7222/22222222122IIEEIIIEIEI] ~— of056s 0.0999 0.174 
peratures. There is no experimental information SE 5 Als con ores Baca res WS es dsaatacone eee 0.110 0.202 0.372 


available to the authors concerning the behavior of 
heptane in naturally-occurring hydrocarbon systems. 

The conditions encountered in the above-men- 
tioned investigations were sufficiently different from 
those related to most naturally-occurring systems to 
introduce serious uncertainty into their direct appli- 
cation to production problems. The values for the 
equilibrium constants for nheptane in both the me- 
thane-nheptane and the ethane-uheptane systems are 
considered of sufficient utility, however, to justify 
their presentation in Table 9. The equilibrium con- 
stants for nheptane, based upon ideal solutions, upon 
the ethane-uheptane system and upon the methane- 
nheptane system are presented in Figure 6. There is 
a fair agreement between ideal solutions and the 
ethane-heptane system at the lower pressures. The 
effect of temperature is much greater in the case of 
the ethane-nuheptane system than for the methane- 
nheptane system. The marked effect of the critical 
pressure upon the equilibrium constants of heptane 


1.00 


0.50 
0.30 


@20 


CONSTANT 


0.03 
0.02 


EQUILIBRIUM 


——-— IDEAL SOLUTION 
ETHANE N-HEPTANE 
-—— METHANE N-HEPTANE 





10 20 30 50 WO 200300 500 
PRESSURE, LB.PER SQ. IN. 
FIGURE 6 


Equilibrium constants for nHeptane in several 
hydrocarbon systems. 


in these two systems is apparent. Fig. 6 serves to il- 
lustrate the complexity of behavior which must be 
taken into account in any accurate correlation of the 
equilibrium constants of such components as nhep- 
tane. 
SUMMARY 

The equilibrium constants presented in the fore- 
going tables leave much to be desired in the way of 
accuracy and completeness; and, as more experi- 
mental information concerning the behavior of sim- 
ple and complex hydrocarbon systems accumulates, 
it will be necessary to modify extensively some of 
the values. The information for methane is reason- 
ably complete except for the lack of a suitable cor- 
relating device to take into account the effect of 
aromatic components and the presence of volatile 
materials such as ethane. The behavior of ethane is 
not as well known as that for methane, but should 
suffice for many cases which do not digress too far 
from the conditions covered by the experimental 
work upon which the correlation is based. The cons- 
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_ *The experimental data were for mixtures of methane, cyclohexane, and 
nitrogen. The system has been treated as binary, as no information was avail- 
able concerning the total composition employed. 


tants for the heavier components are based almost en- 
tirely upon the measurements of Katz® at the higher 
pressures and upon ideal solutions at pressures in 
the vicinity of 1 atmosphere. 

The entire correlation has neglected the effect of 
the relative amounts of the various components upon 
the equilibrium constant, because it is impossible to 
predict the magnitude of such an effect at the pres- 
ent time. It is probable, however, that appreciable 
uncertainties are thus introduced, especially in sys- 
tems which contain a less-volatile constituent of rel- 
atively low molecular weight. The effect of the pres- 
ence of the other volatile components upon the equi- 
librium constants of these light hydrocarbons has 
also been neglected. The magnitude of the effect of 
this neglect in an extreme case is illustrated by Fig- 
ure 6, which shows the effect of methane as com- 
pared to ethane upon the equilibrium constants of 
nheptane. In this instance at least, the effect is far 
from negiigible, and indicates need for caution in the 
wide use of these values until the general magnitude 
of such uncertainties is more firmly established. 

All of the values recorded in Tables 1 to 7, inclus- 
ive, especially those for higher pressures, must be 
modified arbitrarily for systems which exhibit critical 
pressures below approximately 4000 pounds per 
square inch at the temperature in question. The ex- 
tent of this arbitrary modification should depend 





























TABLE 9 
Equilibrium Constants for nHeptane 
Pressure 
(Lb. per Ideal Solutions 
Sq. In., 

Absolute) 70° F. 100° F 130° F. | 160° F. | 190° F 220° F. 
Me caki ack Keowee 0.11 0.24 0.42 0.71 1.10 
Ce Rene =e 0.084 0.18 0.31 0.53 0.83 
Br cae fegutek 0.044 0.093 0.17 0.29 0.44 
_ ee ee 0.032 0.066 0.12 0.21 0.32 

WO acs ca Valdas 0.022 0.045 0.081 0.14 0.21 

Ethane-nHeptane 
Ls samkeoun. waens 0.023 0.044 0.078 0.127 0.206 
See. ieee Soe 0.018 0.034 0.059 0.095 0.152 
BS icuse ean peas 0.015 0.029 0.050 0.081 0.127 
ae Ela PY 0.011 0.024 0.041 0.069 0.107 
Pee ae 0.010 0.023 0.040 0.066 0.100 
| RIES | reer 0.009 0.025 0.043 0.068 0.100 
; Pairs aera Paar! semis 0.053 0.073 0.094 0.117 
cP ee) errr ee ae SP es 0.5 0.2 0.2 
Methane-nHeptane System* 

500. . 0.0212 0.0247 0.0297 0.0372 0.0483 | ..... 

ia er 0.0167 0.0195 0.0240 0.0315 8 eee 
1,000. . 0,0155 0,0183 0,0229 .0305 OBGB3 1} ©. saa. 
i ae 0.0158 0.0191 0.0244 0.0324 0.0450 | ..... 

,500. . 0.0169 0.0215 0.0278 0.0368 0.0499 | ..... 
1,750... 0.0193 0.0254 0.0335 .0440 0.0580 | ..... 
Seer .0242 0.0318 0.0421 0.0550 0.0708 | ..... 
2,500........) GOS 0.0577 0.0716 0.0906 ite  ea3% 
ey 0.100 0.111 0.130 0.163 Gre 2b. sees 
pv Seererr 0.263 0.263 0.298 0.383 OM Fo khads 























* The experimental data were for mixtures of methane, mheptane, and nitro- 
gen. The system has been treated as binary, as no information was available 
concerning the total composition employed. 
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TABLE 10 


Comparison of Calculated and Experimental Bubble- 
Point Pressures, Sub-surface Sample 


Analysis 
(Expressed as mole percent) 
ERA. | oie 5 GEE Pad t-4.4.< 0c c0odcs.obsdscvddcdesesode 32.23 
| ae eGR tie wh Se ei ane a Mele 44k 9.6.68 86 cae eeu se 4.24 
he See a, dbs i aide 4 kw oles 0 sae Sere edlg thc h dia hts 0 3.35 
a aah 6 uM EE onl e as chk oe 'kiwine 016.6 ¥ 0 6.000.004 08 1.08 
as MG ek oe oe geal k.> dio. Fb0 ble ds eee aes 1.48 
Nice I a Beck Be hg 4 ate a" u c.00, 6A ad es oo ee oe ene 2.18 
ee eo Sag cisisie bed 004s dicietase 55.44 


Bubble-Point Pressures 








100° F. | 160° F. | 220° F. 


LEE 0 £5 dk 6. bp kd Geb din a 8.4 a he-3.0.4 6 60-64 1,730T 1,900 1,930 
es ee Se eae views peadeeeieeens 1,643 1,881 2,025 




















* Average molecular weight of heavier material, 172. This material was as- 
sumed to have a viscosity-gravity factor of 0.82 on the basis of the viscosity- 
gravity factor of other samples of material taken from the same field. 

ft Expressed as pounds per square inch, absolute. 


upon the magnitude of the critical pressure. The im- 
portance of this is well illustrated in the case of the 
constants for nheptane in the methane-mheptane and 
in the ethane-nheptane systems, as indicated in Fig- 
ure 6. 

In general, the individual experimental data agreed 
with the correlations presented here with a maximum 
discrepancy of approximately 3 percent, except in a 
few isolated cases in experimentally difficult regions. 
The prediction of the critical states of complex hy- 
drocarbon mixtures is uncertain at the present time. 
The utilization of data concerning the critical be- 
havior of binary systems as a basis for such predic- 
tion is open to question, and is only proposed as a 
temporary index of the behavior to be expected until 
pertinent experimental information in this connection 
is available. 


APPLICABILITY OF DATA 


It is impossible to state the accuracy with which 
the equilibrium constants submitted in this paper ap- 
ply to naturally-occurring hydrocarbon systems in 
general. However, in specific instances the accuracy 
of prediction may be checked directly against experi- 
mentally-determined behavior. One of the more sens- 
itive tests in this regard is the prediction of bubble- 
po'nt pressures from a knowledge of the composition 
of the system in question. 

In an earlier publication® the authors submitted 
volumetric data concerning the behavior of a sub- 
surface liquid sample obtained from the Conroe 
Field. Along with these data were included a frac- 
tionation analysis of the sub-surface sample, which 
is reproduced in Table 10. From this information, 
and from the equilibrium constants for the com- 
ponents from methane through the pentanes, the 
bubble-point pressure may be calculated by the trial 
solution of the following equation in which K,...Kn 
and n,...m are the equilibrium constants and the 
mole fractions of components 1 to n respectively. 


Kin; + Keane + .... + Kama = 1.......... (3) 


The results of the solution of equation (3) are given 
in the latter part of Table 10, along with the corres- 





ponding experimentally-determined values. The 
agreement is within about 5 percent at 100 and 220° 
F., but fortuitously the agreement is within 1 per- 
cent at 200°F. 

A similar disagreement was found between the 
predicted and experimental behavior of mixtures of 
methane and a crude oil®® which were presented in 
an earlier publication.’* Such discrepancies indicate 
appreciable uncertainty in the values of equilibrium 
constants at the higher pressures recorded in Table 
1. This uncertainty cannot be cleared up until more 
experimental work concerning the behavior of meth- 
ane in a number of simple and complex hydrocarbon 
systems has been completed for these pressures and 
temperatures. 

This single illustration is not considered to be gen- 
erally indicative of the applicability of the equilib- 
rium constants presented here. Their utility in engi- 
neering practice can only be determined by their use 
in the solution of some of the problems encountered 
by the petroleum technologists. The practical value 
of the results obtained will indicate whether or not 
the use of such approximate methods of predicting 
the phase behavior of naturally-occurring hydro- 
carbon mixtures is justified. In the meantime, it is 
hoped that more experimental results of a pertinent 
nature will continue to appear, and thus aid in the 
more precise evaluation of equilibrium constants. 
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The very latest TRANSIT Hot Oil power 
pump, for use with any type of prime 
mover. 


Size shown is a 54” x 18” Horizontal 
Duplex plunger type for 800° Fahr. oil 
against 800 Ib. pressure. Capacity—240 
gallons per minute of hot oil. 


Forged steel liquid cylinders with inte- 
gral stuffing boxes water jacketed. 


Liquid cylinders supported along center 
line of bore by water cooled saddles. 


This patented arrangement permits the 
cylinders to expand in all directions with 
no change in the alignment. 


Can be furnished with all moving parts 
completely protected by dust proof en- 
closures, if so ordered. 


The selection of pumps for hot oil serv- 
ice is an engineering proposition. As 
specialists in designing and building such 
pumps, we offer the services of our En- 
gineering Department to assist you in the 
proper selection. 
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July, 1938—A Gulf Publishing Company Publication 





TRANSIT Pump & Engine Co., 


Pratt-Gilbert Company 
Phoenix, Arizona 2211 Olive Street, 


St. Louis, Missouri 


2261 East 15th St., 
Los Angeles, California 


Eugene V. Winter Co., 
19 Main Street, 
San Francisco, California 


NEW YORK - PHILADELPHIA - CHICAGO - CLEVELAND - PITTSBURGH - LOS ANGELES - HOUSTON - TULSA 
Reeves & Skinner Machinery Co. 





37 























Least 


to help plant efficiency... 








Circuit Tester for 
Lab Appliances 


HE sketch shows a simple arrange- 

ment of ammeter, shunt switch to pro- 
tect ammeter, plug-in receptacle, and exten- 
sion cord for connection to power circuit. 
By plugging the hotplate, rheostat heater 
or other appliance into receptacle “A”, 
connecting the cord “B” to the power cir- 
cuit and opening switch “C” the reading 


B 


























on the ammeter will immediately indicate 
open circuits, short circuits and poor con- 
tacts. Such tests can readily be made by 
any laboratory technician thus saving the 
time required to wait for a regular elec- 
trician. 


Olean, N. Y. G.F.F. 


Improving Visibility in 
Transfer Pump Room 


WO changes in the building housing 

a battery of transfer pumps handling 
gasoline and other light products each 
contributed to improving light—and 
consequently, maintenance—conditions 
within the structure. 


The light fixtures were moved from 
their former location just below the 
room trusses and bracketed on the fire- 
wall separating the motors from the 
pumps. Further accurate spotting of 
the illumination where most desired 
was secured by using wide-sweep 
gooseneck bends for each fixture, sup- 
porting the loop near its top with a 
wire carried to a screw higher on the 
wall. This method of installation elimi- 
nated most of the vibration formerly 
transmitted to the fixtures, and at the 
same time centered the reflector closely 
over the_transverse axis of the pumps. 

The second improvement involved 
the carrying downward of the light wall 
paint on the firewall to a height just 
above ordinary hand contact when serv- 
icing the pumps. This extended white 
wall served as reflector to improve light 
conditions under the crosswalk, and also 
to increase the intensity on the pumps 
themselves, rendering still easier the 
detection of leaks or mechanical trou- 
bles before they had time to become 
serious. 


Copper Gum Dish Cleaner 
And Polisher 


FTER a gum test has been run on a 
sample of gasoline, it is sometimes a 
tedious task to remove the baked residue 
and polish the utensil for another run. 
Chemists at McMurray Refining Company’s 
Tyler, Texas, plant, have made this task a 
more pleasant one by the use of an appara- 
tus designed in the laboratory, and assem- 
bled from standard equipment which may 
be obtained from any electrical or wood 
working store. 
The equipment consists of a quarter- 





Relocated light fixtures and extended white section of wall paint insure thorough 
inspection of this transfer pump battery and simplify any maintenance thereon. 
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Copper Dish Cleaner 


horsepower electric motor, with service 
cord, a polishing head and cloth buffing 
wheel, a connecting belt and wood base. 
The motor and polishing head are mounted 
on a piece of 2 x 8, about 18 inches in 
length, with the motor at one end and the 
polishing head near the center. Both are 
fastened to the base with small bolts, allow- 
ing sufficient room when boring holes for 
the motor to adjust the tension of the belt. 

When operating the polisher, the service 
plug is attached to an outlet in the wall of 
the laboratory, and when the speed of the 
polishing head is sufficient, the gum dish 
is held against the buffing wheel and given 
a slightly rotating motion with the hand, 
and in a short time, all caked gum is re- 
moved and the dish given a polish that is 
secured otherwise with much labor. 


Chain Hoist “A” Frame 
Used in Engine Room 


= order to more efficiently handle 
heavy cylinder heads, liners and pis- 
tons when making repairs on com- 
pressor engines in its Rodessa gasoline 
plant, Coltexo Gasoline Corporation 
has made a movable hoist frame which 
is easily moved over the engine room 
concrete floor and slips easily between 
the firing or compressor cylinders of 
the twin four-cycle engines. When 
making up this hoist, heavy tubing was 
used for the standards and cross mem- 
bers instead of ordinary 2-inch piping. 
Each end of the hoist frame was made 
as an “A” frame and connected to each 
other at the top with a single length 
of 2-inch tubing. Bracing was obtained 
by welding cross members near the low- 
er end and near the top of each end 
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All Penberthy Gages conform with A.S.M.E., Federal and State requirements when used for pressures specified by their respective codes. 






Reflex Water Gage Set 







designed for oil field 
boilers. Reflex Gage equipped 
Type A—Navy Bronze. with drop forged steel 






gage valves. Avail- 
able for any pressure, 
temperature or length 
required and various 
liquids. . 


Type B-—All Iron. 














Whatever your liquid level gage 
requirements, there is a Penberthy 






Gage that will meet your needs. 






These gages are suitable for the 






various pressure and temperature 











requirements of the oil industry. | 
Write for a copy of new catalog. 


Supply houses everywhere stock 
Penberthy liquid level gages. 


PEBaa 
PRODUCTS 





Navy Type Gage 
Extra Heavy Bronze 





All Iron Gage 
Extra Heavy 
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Geared block frame used in gasoline 

plant to lift heavy engine parts, and 

which lends itself as an improvised 
work bench at the same time. 


piece. In addition to this bracing, addi- 
tional strength was built into the hoist 
frame by welding diagonal pipes from 
the top cross member to each short 
brace in each end piece. To assist in 
supporting the load, uprights were 
placed between the lower cross member 
and the diagonal bracing. A heavy serv- 
ice connection was welded to the main 
cross member connecting each end so 
that the hook of the spur geared block 
could be placed in position for use. The 
entire unit was mounted upon ball bear- 
ing casters which makes it easy for a 
repairman to move it about the engine 
room. The distance between the legs 
of the end frames andthe center sup- 
port is such that an oak two by twelve 
may be laid lengthwise for an _ im- 
provised work bench, or platform upon 
which to place heads and liners for in- 
spection. 


Handy Holder for Fuse 
Panel Gloves 


AINTAINING a pair of insulated 
gloves for the changing of fuses in 

the main panel serving the lights and 
auxiliary low-voltage motors about its 
plant, one refinery made it easy to keep 
the gloves at the proper spot by affix- 
ing an ordinary spring clothespin to the 
wall adjacent to the panel enclosure, 
just. below the switch controlling the 
emergency lighting fixture providing 
illumination—from a storage battery— 
in case of total darkness within the plant. 
Due to the probability of the em- 
ployee making the fuse change having 
crude or some semi-refined petroleum 
on his hands, rubber gloves are not 
used for this service, but instead a pair 
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of heavy asbestos 
gloves, on a canvas 
foundation, are pro- 
vided. 

Placing the glove 
holder outside the 
fuse enclosure 
makes it easy to 
check their being 
“on the job,” and 
acts as a reminder 
to the man making 
the replacement to 
again hang the 
gloves up, instead 
of jamming them 
into a pocket or 
throwing them 
down anywhere. 


Panel Glove Holder 


Kilgore, Texas. CHARLES C. LYNDE. 


Pulsation Dampener on 
Gauges and Recorders 


~~ gadgets are used to dampen the 
pulsation of gas flow in headers and 
discharge lines used in compressor stations 
where accurate records are desired. Phil- 
lips Petroleum Company, Edmond, Okla- 
homa, employees designed a particular type 
of dampener that is not only inexpensive, 
but permits a recorder on the gas line to 
draw a uniformly narrow line on the charts. 

The dampeners are made of six-inch 
pipe, with orange-peel heads welded in both 
ends, the length of each being approxi- 
mately eight inches, and with quarter-inch 
collars welded in the center of each head. 
The gauge line is brought from the header 
carrying the gas in the usual manner, but 
with the dampener placed between the head- 
er and the instrument, whether it be a re- 
corder or a simple indicating pressure 
gauge. 

Observing the operation of these instru- 
ments, the lines drawn on the charts are 
usually fine, with almost imperceptible va- 
riations. No needle valves are used between 
the headers and the gauges, except to close 
the line from the instrument when chang- 
ing pressure elements, or repairing the re- 
corders and indicators. It is not necessary 
to restrict the line with a pinched gate to 
obtain a dampened action of the Bourdon 
springs, which in many cases when so used, 
causes a false record to be obtained. 





Pulsation Dampeners 








Oil Drip Catchers 


NITED Refining Company, Warren, 
Pennsylvania, prevents small oil leaks 
from staining insulation and forming dark 
spots on chatted areas around exchangers 
and the like, by attaching especially de- 
signed buckets beneath each gate valve 
packing gland. The oil catchers are in the 
shape of small troughs, varying size accord- 
ing to the service required of them, with 
ends made in the form of an equilateral 
triangle. The plant mechanic makes them 
in the tin shop, with quarter-inch galva- 
nized collars soldered in the center of the 
peaked part, and plugs fitted finger tight to 
retain the oil caught in them. 
To retain these catchers in place, holes 
are punched in both sides near the top at 


ae 


Oil Driv Pans 


each end with wire bails snapped in place 
when placing them on the gates for serv- 
ice. These receptacles are periodically 
emptied, usually by removing the plug 
while holding a larger container beneath 
them to catch the accumulated oil. They 
are relatively inexpensive, and go a long 
way toward helping to keep a plant clean. 


Wrench Board Used by 


Stillmen Only 


HEN an operator of a cracking plant 

needs a tool, he needs it right now, 
and following this idea through, a com- 
plete set of pipe wrenches, hammer, chisel, 
pliers and adjustable end wrenches was 
placed near the control room of McMurrey 
Petroleum Corporation’s new Dubbs unit 
at Tyler, Texas. This board is sacred to the 
stillmen, and no other employee is supposed 
to as much as cast a covetous eye in that 
direction. Not only do the stillmen jealous- 
ly guard the tools on this board, but dire 
consequences will occur if one is missing, 
no matter who is at fault. The board is 
made of sheet steel, salvaged from tank 
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FOR HIGH TEMPERATURE SERVICE S FOR LOW TEMPERATURE SERVICE 


When refinery lines are running at 900° F. The use of subzero temperatures in refin- 
to 1200° F. leakage or failure of a pipe joint ing operations requires materials which stay 
may be the forerunner of disaster. Hence, tough in extremely cold zones. Bolts of 
refinery bolts must be made of dependable Nickel Alloy Steel resist low temperature 
materials—capable of withstanding the mechanical embrittlement and provide the requisite physical 
stresses of tightening up as well as the additional properties. e e The accompanying charts givethe 
thermal and pressure stresses encountered whenthe mechanical properties of two Nickel Alloy Steel com- 
lines are running hot in operation. Nickel Alloy positions which are especially suitable for refinery 
Steels are used for this vital application because _ bolts,usedinhigh andlowtemperature service. We in- 
their high yield strengths and toughness make __ vite consultation on the use of these and other 
them reliable—thus minimizingthe Nickel Alloy Steel compositions in 
danger of leakageand failure. your refinery equipment. 


NICKEL 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 


July, 1938—A Gulf Publishing Company Publication 41 








Tool board installed in yard of refinery, used exclusively by operators 
when adjustments are to be made, 


bottoms, mounted on supporting structure 
which carry piping, and provided with ad- 
equate hooks to support the wrenches se- 
lected to hang there. It is fireproof, and 
out of the way, yet easy to get to when 
tools are needed. 


“Appliance Outlets for 
Test Table” 


he increasing number of electrical de- 
vices used in testing oil makes necessary 
many more receptacles than formerly. To 
provide for present and future needs spe- 








Duplex receptacles 
wired in pairs 


eer 


cial boxes were made with four duplex 
receptacles on each side. Each pair of 
receptacles was separately fused to prevent 
overloads. One such box was mounted at 














r\ e,: 


Water Drip Pans 


each end of a ten-foot double work table 
thus accommodating six electrically heated 
viscosimeters and the necessary hot plates 
and timers. The lower row of receptacles 
was set high enough so that the extension 
cords would not be dragging on the 


table. 
Olean, N. Y. G.F.F. 


Water Drip Pans 


N THE new units which Pure Oil 

Company constructed during 1937, 
many steam lines were laid, connected 
to various processes and heaters to pre- 
vent freezing. Condensate from control 
valves is handled by galvanized catch 
basins, placed at advantageously select- 
ed points above vessels, to prevent dis- 
coloration of the paint sprayed on these 
units. The pans were made of galvan- 
ized sheet metal, shaped in the form of 
a small bread pan, and supported be- 
neath the drips with wire bails. Small 
diameter piping was connected to the 
bottom of each pan and led to a com- 
mon funnel drain beside each vessel. 
When it is necessary to bleed condens- 
ate from dead end steam lines, the pans 
beneath the connections are used to re- 
move the water, and keep the surfaces 
of the equipment clean and free from 
stains. 
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Suction Fitting for Filling 
Ostwald Pipettes 


VERY convenient arrangement for 
charging oil to Ostwald pipettes is 
shown in the sketch. Copper tubing is 
brought to a convenient level where a sup- 
port is provided for the sample beaker. 
The fitting used on the working end of the 














Sample 
beaker | 
Py} \\ 
A 
Ly Suction 


suction line is made of a one-hole No. 0 
rubber stopper “A,” a short piece of 14-inch 
rubber tubing “B” which projects just 
enough above the stopper to insure center- 
ing the pipette. The speed of filling is easily 
controlled by pinching as shown by the 
arrows so as to open the joint and reduce 
the suction. G.F.F. 


Apparatus for Supplying a 
Constant Supply of Feed 
To Equipment 


_ apparatus was designed to make 
use of a constant static head above the 
orifice to supply a constant amount of feed 
to the equipment. The volume can be varied 
to the desired amount by changing the size 
of the orifice or by changing the amount 
of weights that are carried in the floating 


vessel. 
FLOA TING 

















] WEIGHTS 
noc 





FLEAI BLE 
CONNECTICN 
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T 
SOLUTION TO BE FEED 
TO EQUIPMENT 


The size of the apparatus may be varied 
to suit the need. It may be used in com- 
mercial equipment or for supplying very 
small amounts of solution in a laboratory 


set-up. 3 
Arkansas City, Kansas. W.N.E. 
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Delbridge Elected 
President A.S.T.M. 


R. T. G. DELBRIDGE, Manager, 

Research and Development De- 
partment, The Atlantic Refining Com- 
pany, Philadelphia, was elected presi- 
dent of the American Society for Test- 
ing Materials, at its recent annual 
meeting held in Atlantic City. 

A native of Batavia, New York, 
where his early public school educa- 
tion was obtained, Doctor Delbridge 
later was graduated with an A.B. de- 
gree from Union College in Schenec- 
tady. He specialized in Greek, Latin, 
and chemistry and was elected to’ Phi 
Beta Kappa and Sigma Xi. In 1907 
he obtained his Ph.D. from Cornell 
University where he was an instruc- 
tor in chemistry from 1904 to 1909. He 
became chemist for The Atlantic Refin- 
ing Company in 1909 and in 1914 was 
assistant superintendent; in 1918, chief 
chemist; in 1922 assistant plant man- 
ager; and in 1923 became manager, 
Research and Development Depart- 
ment, the position he now occupies. 

While the research activities under 
his supervision have embraced a wide 
field of petroleum investigation, he has 
contributed especially to developments 
in distillation methods, solvent refin- 
ing (the nitrobenzene process), wax 
manufacturing and methods of testing. 

Doctor Delbridge was a member of 
the A.S.T.M. Executive Committee, 
1923-1925, and is completing a term 
as A.S.T.M. vice president. He has 
been vice chairman of Committee D-2 
on Petroleum Products and Lubricants 
since 1930. He served two terms as a 
member of the society’s Committee E-6 
on Papers and Publications and also 
for six years was a member of the 
important Committee E-10 on Stand- 
ards. He is one of the representatives 
of the society on the Sectional Com- 
mittee on Petroleum Products and 
Lubricants and on the Sectional Com- 
mittee on Valid Certification. 


He is a member of the American 








T. G. DELBRIDGE 
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The Look Box 


Chemical Society, Franklin Institute, 
American Petroleum Institute, and the 
British Institution of Petroleum Tech- 
nologists. He has written extensively 
on petroleum refining subjects and con- 
tributed the chapter on testing meth- 
ods in Day’s Handbook of the Petro- 
leum Industry. Doctor Delbridge’s 
hobby is radio. 





Lowe Reelected by 
Natural Gasoline Men 


HE board of directors of the Natu- 

ral Gasoline Association of Amer- 
ica recently re-elected William F. Lowe 
as secretary-treasurer of the associ- 
ation. This will be his fifth term in that 
office. 

The association has just completed 
a particularly successful and busy year, 
according to J. A. LaFortune, Warren 
Petroleum Corporation, president of 
the association, and plans for the com- 
ing year indicate a continuation of that 
trend. Committee activities already 
scheduled are of widespread interest 
and will require considerable work of 
research nature to bring the desired 
conclusions. A series of field tests to 
determine the relative merits of new 
gas gravity instruments as compared 
with the widely used gravity balance 
is to be started by the Gas Testing 
Committee in the near future while the 
Technical Committee is undertaking 
the study of gas sampling and gas 
analysis methods as well as _ several 
other research projects. The Gas Con- 
tract Committee has an unusually ac- 
tive agenda. Close contacts with other 
technical societies such as the American 
Society for Testing Materials and So- 
ciety of Automotive Engineers are to 
be maintained. 


J. W. Vaiden, chairman of the 1938 


Conventions 








American Chemical Society, 
Milwaukee, Wisconsin. 


National Petroleum Association, 
a Traymore, Atlantic City, 





Society of Automotive Engineers, 
National Regional Fuels & Lubri- 
cants Meeting, Tulsa, Oklahoma. 


19-21 | Independent Petroleum Association, 
of America, Tulsa, Oklahoma. 





American Petroleum Institute, 
Stevens Hotel, Chicago. 








Convention Program Committee reports 
that the May meeting was particularly 
satisfactory both from the standpoint 
of attendance and the volume of work 
done. The committee was particularly 
gratified with the increasing interest 
of field men in the “Kinks” session 
which has grown in importance steadily 
in the three years of its existence. Plans 
are now being made to give this group 
a larger place on the program and to 
increase the prizes offered for the op- 
erating ideas presented. 


Pennsylvania Grade 
Speakers Review Progress 


Reviewing fifteen years of the ac- 
complishments of the Pennsylvania 
Grade Crude Oil Association, W. F. 
Clinger of Warren, its president, told 
the membership at the annual meeting 
in Pittsburgh that only cooperative 
action pulled the oil industry out of 
its troubles in the past and concerted 
action could repeat the process. 

Clinger said that the Pennsylvania 
oil business was in much worse condi- 
tion 15 years ago than it is now and 
that out of those desperate conditions 
the association was born. Depressed 
conditions now, traceable to the eco- 
nomic situation the country over, can 
only be improved by tactics similar to 
those employed in the early 1920's, he 
said, when producers and refiners rec- 
ognized the seriousness of the situa- 
tion and worked out a program which 
proved to be the salvation of the Penn- 
sylvania oil industry. 

Consistent advertising and intelligent 
cooperation have been mainly respon- 
sible for the achievements of the Penn- 
sylvania Grade Crude Oil Association, 
according to Charles Coolidge Parlin 
of Curtis Publishing Company, Phila- 
delphia, another speaker on the after- 
noon program. 

“In 1923 you weren’t sure whether 
advertising could popularize your oils 
sufficiently to regain your _old mar- 
kets,” he said. “You weren’t sure that 















































a large group of refiners and producers 
with diverse interests could hold to- 
gether. But you started and as a result 
you have set up a unique record among 
trade associations.” 

Parlin said that nothing has hap- 
pened to necessitate a change in the 
formula. “As an advertiser you are 
not talking to a standing army. You 
are talking to a parade. It is a moving 
market and you can’t stand still and 
keep up with it.” 

Dr. F. L. Carnahan, of Pennsylvania 
State College, State College, another 
speaker, declared that the unique and 
well-recognized properties of Pennsyl- 
vania grade motor oil have their origin 
in the chemical composition of the 
crude, Examination of small fractions 
of Pennsylvania oils which have been 
taken apart by instruments designed 
and built in the college laboratory 
demonstrates that the high paraffinicity 
of the crude oil from the region is the 
source of the high viscosity index, high 
boiling points, high gravities and high 
flash and fire tests of the motor oil 
made from it. 

“It is thus evident,” said Dr. Carna- 
han, “that the more thoroughly Penn- 
sylvania oils are investigated the more 
they justify our faith in them. When 
special oils are needed for purposes 
regarded today as unusual, Pennsyl- 
vania grade crude can furnish them.” 


A brilliant triangle of gleaming blue 
metal supported 20 feet above the 
ground by four huge replicas of oil 
tanks will house the petroleum industry 
exhibit at the New York World’s Fair 
1939, as indicated by the accompanying 
model. Dramatic and spectacular exhib- 
its will show how research in petroleum 
has aided human progress. A unique 
feature is the derrick in back which, 
manned by living workers, will demon- 
strate the process of drilling for oil. 








Plan Large Oil Display 
At New York Fair 


ETROLEUM’S contributions to hu- 

man progress and its significance 
for “The World of Tomorrow” will be 
dramatized by the Petroleum Industry 
Exhibition, Inc., at the New York 
World’s Fair, 1939, it was announced 
by T. H. Taylor, president. The ex- 
hibit, which will be located at the en- 
trance of the Plaza of Light in the 
Blue Section of the Fair, will cover an 
area of 64,899 square feet, comprising 
one of the largest of the industrial 
displays. 

A spectacular feature of the exhibit 
will be an oil derrick. Manned by liv- 
ing workers and with the most modern 
equipment, the process of drilling for 
oil will be demonstrated. 


Another unusual feature of the ex- 
hibit will be an animated relief map of 
the United States, southern Canada and 
northern Mexico on which miniature 
oil derricks will graphically demon- 
strate the origin and expansion of the 
industry. Bodies of water coursing 
through and around the map will trace 
the principal rivers of the United States 
and the oceans surrounding it. The 
map will be in the Petroleum Garden, 
where modern refining processes will 
also be demonstrated by an animated 
model of a refinery. 


Work has started on the Petroleum 
Building, which will be an equilateral 
triangle in design and cover an area 
of 28,166 square feet. Measuring 200 
feet on each side and 80 feet high, the 
building will be constructed of metal 
to catch the rays of the sun in the 
daytime and the brilliance of indirect 
lighting at night. 

The exterior walls of the building 
will be in three shades of blue and will 
be constructed to form four flaring 
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tiers, suggesting the shape of a cooling 
tower. The lighting effects -will be 
achieved by the use of fluorescent tub- 
ing, each tier being lighted by the tier 
below it. 


Instead of being built on the ground, 
the Petroleum Building will be chiefly 
supported by four huge reproductions 
of oil tanks, 20 feet high. Within the 
tanks will be exhibits, designed by 
Gilbert Rohde, showing how petroleum 
has revolutionized transportation and 
how the industry’s constant scientific 
development has advanced agricultural 
and industrial expansion and resulted 
in making possible a large number of 
the modern comforts in the home. 


The interior of the building, to be 
known as the Great Hall of the Indus- 
try, will have rows of seats to enable 
visitors to view a spectacular show 
which will be presented on the mam- 
moth stage occupying the apex of the 
Great Hall. The show, which will dra- 
matize the discovery and development 
of petroleum, will employ new tech- 
niques in its production and will mark 
an interesting advance in theatrical en- 
tertainment. 


The Petroleum Building will be open 
on all sides, permitting a complete cir- 
culation of air as well as access from 
any part of the grounds. Wide exterior 
macadam walks surrounding the build- 
ing will merge into it without inter- 
ruption. 

Architects for the Petroleum Build- 
ing are Voorhees, Gmolin & Walker. 
The companies participating in the 
Petroleum Industry Exhibition are The 
American Oil Company, The Atlantic 
Refining Company, Cities Service Oil 
Company, Gulf Oil Corporation, The 
Pure Oil Company, Richfield Oil Cor- 
poration of New York, Shell Union 
Oil Corporation, Sinclair Refining 
Company, Socony Vacuum Oil Com- 
pany, Inc., Standard Oil Company of 
New Jersey, Sun Oil Company, The 
Texas Company, Tide Water Associ- 
ated Oil Company, and Phillips Pe- 
troleum Company. 


Linhoff New President 
California Association 
EMBERS of the California Natural 


Gasoline Association have elected 
H. R. Linhoff of Richfield Oil Cor- 
poration to the presidency of the asso- 
ciation, succeeding J. C. Burks of O. C. 
Field Gasoline Corporation who has 
served during the past year. P. S. Ma- 
gruder, General Petroleum Corpora- 
tion, was elected vice president. Both 
men have been prominent in the affairs 
of the association for many years. Lin- 
hoff is manager of the natural gasoline 
division for Richfield Oil Corporation 
and has been with that company in 
various capacities since 1925. Magruder 
is assistant manager of the gas depart- 
ment for General Petroleum Corpora- 
tion and has been with that company 
for 13 years. The association has car- 
ried on the cooperative study of many 
types of problems with which the gaso- 
line industry is concerned since its 
formation, December, 1925. 

The association meets monthly and 
has achieved an enviable position in 
the industry and an increasing prestige 
among other technical groups. 



















SEND FOR THE 
PICTURE-STORY 


“Grinnell Prefabricated 
Piping’ — scores of 
photographs of 
Grinnell prefabrication 





facilities and power and 
process installations. 


PREFABRICATION B Y 


Even 


In A (ase Like This 


PRERABRICATIO 


‘Plays Its ‘Part 


The compactness that locates this group 
of big gate valves close together can be provided in 
only one way ... by carefully engineered, prefabri- 
cated sub-assemblies, welded into a finished unit. 

Back of this complicated piping installation lie 
engineers ideas and plans, interpreted by Grinnell 
.... plant facilities that provided the sub-assemblies 
to accurate dimensions, in the proper material, on 
Grinnell’s unfailing schedule . . . . welders’ whose 
work qualifies for insurance .... all reasons why 
engineers faced with routine or unusual piping jobs 
are saying, “Give the plans to Grinnell.” Grinnell Co., 
Inc., Executive Offices, Providence, R. I. Branch offices 


in principal cities of the United States and Canada. 


URE LL 


WHENEVER PIPING IS INVOLVED 
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Forecast of Demand for 
Oil, July, 1938 


Re daily average supply of domes- 
tic crude oil estimated by the Bu- 
reau of Mines to meet the market 
demand in July 1938 is 3,398,100 barrels. 
This is 64,800 barrels higher than the 
estimate for June, 1938, 173,500 barrels 
(5 percent) less than the actual daily 
production for July, 1937, and 5 percent 
less than the demand for domestic 
crude for that month. 


Current situation. Daily average crude- 
oil production and runs to stills during the 
four weeks, May 7 to June 4, averaged 
about 3,200,000 and 3,170,000 barrels, re- 
spectively. During this period refinable 
stocks declined 7,482,000 barrels, 87,000 








of which was in foreign stocks and 
7,395,000 barrels in domestic grades. 
The addition of this amount to pro- 
duction gives 3,465,000 barrels as the 
apparent daily average demand for do- 
mestic crude oil. The excess over the 
May estimate of the Bureau may be 
attributed to runs to stills of about 
50,000 barrels daily greater than was 
forecast, to unexpectedly large crude 
exports, transfers, losses, and to a 
probable increase in stocks of heavy 
crude in California. 


Motor Fuel 


Domestic demand. The estimate for do- 
mestic motor-fuel demand for July 
1938 is 49,930,000 barrels, or 1.5 per 
cent lower than the actual demand for 
July 1937. 

Stocks. Stocks of finished and unfinished 
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gasoline amounted to 90,059,000 barrels 
on April 30. According to statistics of 
the American Petroleum Institute, these 
stocks declined 3,500,000 barrels during 
May, bringing them to approximately 
86,500,000 barrels as of May 31. The 
Bureau estimates that finished gasoline 
stocks will decline 6,600,000 barrels dur- 
ing July. 

Gasoline production. Benzol and “direct” 
sales and losses of natural gasoline 
have been estimated as 900,000 barrels, 
making the estimated refinery produc- 
tion of gasoline 46,430,000 barrels. This 
is distributed among the various dis- 
tricts as follows (thousands of barrels): 
East Coast, 6510; Appalachian, 1610; 
Indiana-Illinois, 8310; Oklahoma, 2250; 
Kansas-Missouri, 2510; Inland Texas, 
3740; Texas Gulf Coast, 11,830; Louisi- 
ana Gulf Coast, 1450; North Louisiana- 
Arkansas 960; Rocky Mountain, 1150; 
California, 6110. 


Crude Petroleum 


Runs to stills. During the first four 
months of 1937 natural gasoline blend- 
ed at refineries constituted 7.0 percent 
of the total refinery production of gas- 
oline, compared with 6.2 percent for 
the same period in 1937. Moreover, the 
proportion of natural gasoline during 
the summer of 1937 was distinctly 
higher than that for 1936, indicating an 
upward trend in refinery utilization. 
The Bureau is therefore estimating the 
proportion of natural gasoline for 
July 1938 as 7.0 percent, compared with 
6.2 percent in July 1937. On refinery 
production this amounts to 3,250,000 
barrels. 

The yield of straight-run and cracked 
gasoline is estimated as 44.00 percent, 
compared with actual yield of 43.22 
percent in July: 1937 and 44.56 percent 
in July 1936. The application of the 
current yield to the estimated straight- 
run and cracked gasoline production of 
43,180,000 barrels gives refinery crude- 
oil requirements as 98,140,000 barrels, 
or 3,165,800 barrels daily. 

Foreign crude runs. Foreign crude runs 
to stills are estimated at 2,400,000 bar- 
rels, 200,000 barrels more than the June 
estimate. 

Exports, fuel, and losses. The estimate 
for crude-oil exports has been in- 
creased 1,100,000 barrels over the June 
estimate to 7,100,000 barrels. 


New A.S.T.M. Fuel 
Oil Specifications 


re American Society for Testing 
Materials has recently issued re- 
vised tentative specifications for fuel 
oils and also a new tentative method of 
test for sediment in fuel oil by extrac- 
tion. These new standards were ap- 
proved by the Society’s Committee on 
Standards. on the recommendation of 
Committee*D-2 on Petroleum Products 
and Lubricants. The test method for 
sediment has been designated D473- 
38 T and the fuel oil standards con- 
tinued as D 396 with a change in the 
year, the complete designation being 
D 396-38 T. 

Fuel Oil Specifications: 

The specifications for fuel oil were 
issued for the first time as tentative in 
1934. Since then a number of sugges- 
tions for improvements have been re- 
ceived and have been under considera- 
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tion for some time. The specifications 
as now revised will, in the opinion of 
Committee D-2, fit present-day needs 
better than those originally issued. The 
new specification provides for five 
grades of oil instead of six as in the old 
requirements. Certain changes in the 
methods of testing have been incorpo- 
rated, including for Grade No. 6 the use 
of the new test for sediment in fuel oil 
by extraction (D 473-38 T) which is 
based upon the methods used by the 
Federal Specifications Board for many 
years. 

There has also been included in the 
new standard an adaptation of the dis- 
tillation procedure for obtaining 10 per- 
cent residuum for determination of 
carbon residue in Grades Nos. 1 and 2 


(Grade No. 1 covers a distillation oil 
for use in burners requiring a volatile 
fuel and Grade No. 2 covers a distillate 
oil for use in burners requiring a mod- 
erately volatile fuel). 

A number of modifications have been 
made in the detailed requirements for 
oil, including the deletion of the pre- 
vious Grade No. 4. The maximum flash 
point for No. 1 has been raised to 
165°F. as previously, and for No. 3 
grade the maximum is 230°F. instead 
of 200°F. The minimum flash point for 
No. 5 Grade, a medium viscosity fuel 
is now 130 or legal in place of the 
prior 150. Grade No. 3, a low viscosity 
fuel, has a new maximum pour point 
of 20 instead of 15 as previously. 

The maximum carbon residue re- 
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quirements for Grade No .1 is 0.05 per- 
cent on 10 percent residuum but this 
can be increased to a maximum of 0.12 
percent when the oil is to be used in 
other than sleeve-type blue-flame burn- 
ers. The limit may be specified by mu- 
tual agreement between the purchaser 
and the seller. For Grade 2, the 0.25 
maximum on 10 percent residuum can 
be reduced to 0.15 percent to meet cer- 
tain burner requirements. 

Copies of the revised fuel oil specifi- 
cations and the new test for sediment 
can be obtained in separate pamphlet 
form from A.S.T.M. headquarters, - 260 
S. Broad St., Philadelphia, at 25 cents 
each. Reduced prices apply on orders 
in quantity. 


Oil Men Invited to 1938 


World Power Conference 


MERICAN oil men have been in- 

vited to attend the Vienna Sec- 
tional Meeting of the World Power 
Conference, scheduled for August 25 to 
September 2, 1938, in the Konzerthaus 
at Vienna, Austria. Papers and discus- 
sions will concern the supply of energy 
for agriculture, small-scale industries, 
household purposes, public lighting, 
and electric railways. 

Application forms and information 
may be obtained, and arrangements 
made, through the United States. Na- 
tional Committee, World Power Con- 
ference, 4 Irving Place, New York. 


Plans contemplate post-conference 
journeys to Vorarlberg, Innsbruck, 
Salzburg, Salzammergut, Badgastein, 


Worthersee Lake, and other points of 
interest at reduced rates. 


Bituminous Conference 


Proceedings Available 


HE proceedings of the Montana 

National Bituminous Conference, 
held at Glacier National Park, during 
September of 1937, have been published 
by the Montana State Highway De- 
partment, Helena, Montana, and West- 
ern Petroleum Refiners Association, 
Tulsa, Oklahoma. This 554-page vol- 
ume presents the papers delivered be- 
fore the conference on research in 
bituminous roads and _ road - building 
materials, developments in  construc- 
tion, progress in design, and details of 
maintenance, with discussion and com- 
ments on each address. The proceed- 
ings will prove of interest to those en- 
gaged in production of road-building 
bitumens and for those interested in 
the construction and maintenance of 
low-cost, bituminous highways. 


104. Items on A.S.T.M. 


Annual Meeting Program 


N the seventeen formal sessions of 

the Forty-first Annual Meeting of the 
American Society for Testing Materials 
held at Chalfonte-Haddon Hall, Atlan- 
tic City, June 27 to July 1, inclusive, 
104 technical papers and reports cover- 
ing important topics on a large number 
of engineering materials were present- 
ed. Dr. A. E. White, president, in his 
annual address discussed “Industrial 
Research.” For many years director of 
the department of engineering research, 
University of Michigan, he considered 
various questions affecting research in 
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school, the Midwest Plants—where mediocrity is 
not tolerated for an instant. Final tests are as 
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company laboratories and also in the 
university and related fields. 

Dr. Albert Sauveur, metallurgical 
engineer and professor emeritus, Har- 
vard University, delivered the Thir- 
teenth Edgar Marburg lecture. His 
topic “The Torsion Test” is one on 
which there is a conspicuous lack of 
information in the technical literature. 
He described a specially built torsion 
machine and discussed results obtained 
at Harvard. Data covered torsional 
testing of various steels at room and 
elevated temperatures in the blue-heat 
range, reverse twisting and the twist- 
ing of single crystals. Doctor Sauveur 
outlined the significance of the auto- 
graphic torque-twist curve and the de- 
sirability of a close study of the torsion 





test from the standpoint of a routine 
testing method. 

Honored by many governments, uni- 
versities and societies, Doctor Sauveur, 
especially renowned for his work in 
metallography and heat-treatment of 
iron and steel, has been a member of 
A.S.T.M. from -its beginning, was a 
member of the old International As- 
sociation for Testing Materials begin- 
ning in 1896. 

Doctor White’s address and the 
award of honorary memberships were 
part of the formal opening session on 
Tuesday morning, June 28. Committee 
meetings were in progress all day 
Monday, and throughout the week. 

The first of the two sessions devoted 
to the Symposium on Impact Testing, 
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nothing---incurs no obliga- 
tion—-may result in import- 
ant savings. 








This tower combines closed-system 
jacket-water and hot gas cooling. 
Each is circulated through special 
heat-exchange coils at the base. Two 
big MARLEY fans at the top actuate 
the induced dratft. 







After a brief but thorough study 
MARLEY produced exactly what 
was needed, at surprisingly low cost. 
Just a particularized application of 
MARLEY’s standard methods, ser- 
vice and equipment. 
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with a number of interesting technical 
papers, was Tuesday afternoon, run- 
ning concurrently with the session on 
water. The first impact session covered 
basic theory and present-day uses— 
the evening session involved impact 
tests on welded specimens and a sum- 
mary. 

Five technical papers and a report 
made up the session on radiography 
Wednesday morning. Two sessions on 
concrete and cement were provided, 
one on Wednesday morning, with 
three formal papers and the report of 
Committee C-9, which had three papers 
appended; the other, Wednesday eve- 
ning, with three reports and _ four 
papers. 

Two papers appended to the report 
of Committee E-4 on Metallography 
covered the plastics mounting of speci- 
mens and examining metals in polar- 
ized light. A discussion of methods of 
testing thermometers was a part of 
the report on methods of testing. These 
were included in the seventh session 
on Wednesday afternoon. 

In addition to the cement and con- 
crete session Wednesday evening, there 
was a particularly interesting one on 
effect of temperature and fatigue of 
metals. The report of the joint re- 
search committee on effect of tem- 
perature had four appended papers, and 
there were five formal papers, plus 
the report on fatigue of metals. 

Steel, ferro-alloys, and corrosion top- 
ics comprised the eleventh session 
Thursday morning which ran simultan- 
eously with one devoted to bituminous 
materials, road materials and_ soils 
(three reports and three papers). 

Ceramics and masonry materials 
were the topics covered in the thir- 
teenth session, on Thursday afternoon. 
The two Thursday evening sessions 
involved iron (four reports and three 
papers) and petroleum products and 
fuels (five reports with two papers). 
The meeting closed on Friday morn- 
ing, July 1, with two concurrent ses- 
sions, one on non-ferrous metals, with 
two technical papers and nine reports 
and the other devoted to textiles, paint, 
and plastics (eight reports, three 
papers). 


Oil Is $200,000,000 Crop 
For American Agriculture 


IL seldom is regarded as a farm 

crop, yet it’s worth about $200,- 
000,000 a year to American agricul- 
turists! 

Farmers are among the first direct 
beneficiaries of oil development, rec- 
ords of the American Petroleum In- 
stitute show. They take their profit 
from the time exploration is begun on 
their lands, and regardless whether oil 
eventually is located, receive their ren- 
tal fees. 

Rentals and royalties received by 
farmers add about $200,000,000 annually 
to farm income in oil sections. In many 
states these payments vastly exceed 
federal government aid. For instance, 
in California, which is a great agricul- 
tural as well as oil-producing state, oil 
rentals and royalties in 1937 totalled 
$28,203,000 as compared with govern- 
ment payments of $6,082,000. In Texas, 
whose land area constitutes about one- 
twelfth of the entire United States, 
1937 oil rental and royalty payments 
reached $105,000,000 as against govern- 
ment payments of $38,226,000. 











S¥-¥ole74°@ The Maintenance-Free 
EXPANSION Way to Handle 
JOINTS Pipe Expansion 















Many pipe lines in and about refineries are subject to temperature 
differentials. So what about expansion and contraction? 


Both the Stainless Steel and Copper BADGER Directed Flexing, Self 
Equalizing Expansion Joints offer several economies in handling 
such problems. 


1... being “packless,” no packing or other maintenance is 
required after the joint is installed. 


2...being very compact, it saves in room yet takes care 
of considerable expansion (up to 6 inches single and 
12 inches double). 


3... being the well-known Directed Flexing Joint, the life is 
materially greater than with the older style joint with 
straight-sided corrugations. 





As stated above, BADGER Directed Flexing Joints are made in both 

Send for this new Stainless Steel and Special Deoxidized Copper. Thus, the refinery 
Bulletin can use the ‘‘packless’’ joint for practically any expansion problem, 

even if it involves high pressure, high temperature or corrosion. 
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75 PITTS ST. BOSTON, MASS. 
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Carbon-Black Sales Up; but 
Prices Lower in 1937 


DVANCES in production and total 

sales, and a slump in prices the 
latter part of the year were important 
developments recorded by the carbon- 
black industry in 1937, states the Bu- 
reau of Mines, U. S. Department of the 
Interior. Production was 510,606,000 
pounds, a gain of 24 percent over the 
previous peak of 1936. A decline in 
sales the latter part of the year, due to 
a slowing up in the rubber trade, re- 
sulted in an increase of stocks held by 
producers. There were 100,497,000 
pounds of carbon black on hand at the 
end of 1937 compared with 79,582,000 
pounds at the close of 1936. 

Spot prices, which had remained re- 
markably steady since the code, weak- 
ened abruptly the latter part of the 
year. For example, the most repre- 
sentative spot price was 4.45 cents per 
pound throughout the year until No- 
vember 8 when a cut of 0.50 cents was 
made. Several other cuts followed so 
that this price at the close of the year 
was only 3.20 cents per pound. The 
average value at the plants as reported 
by the producers dropped from 3.92 
cents in 1936 to 3.41 cents in 1937. but 
the average export value advanced from 
4.69 cents in 1936 to 4.72 cents in 1937. 

Gains in production were registered 
by all the producing states. The Texas 
Panhandle again accounted for nearly 
80 percent of the total production. Kan- 
sas entered the field for the first time 
with a plant in Grant County. There 
were 57 carbon-black plants operated 
in 1937, compared with 54 in 1936. 











A loss of three plants in Louisiana was 
more than offset by a gain of 5 plants 
in Texas and one in Kansas. Ward and 
Winkler counties, Texas, showed pro- 
duction for the first time, while Moore 
County (Panhandle) materially  in- 
creased its output with four new plants. 

There were 341,085,000,000 cubic feet 
of natural gas burned at carbon-black 
plants in 1937 compared with 283,421,- 
000,000 cubic feet in 1936, or about 14 
percent of the estimated gas consump- 
tion in the United States in 1937 com- 
pared with 13 percent in 1936. 

The average yield of carbon black 
per thousand cubic feet of natural gas 
rose from 1.45 pounds in 1936 to 1.50 
pounds in 1937, the largest gain ever 
recorded for any single year. This in- 
crease reflects a gain in the relative 
importance of “other” processes, one 
or two of which recover up to 10 
pounds per thousand cubic feet burned. 

Sales of carbon-black by the pro- 
ducers rose from 467,736,000 pounds in 
1936 to 489,615,000 pounds in 1937. Ex- 
ports increased from 154,718,000 pounds 
in 1936, to 184,030,000 pounds in 1937, 
hence domestic sales decreased from 
313,018,000 pounds in 1936 to 305,585,000 
pounds in 1937. Domestic sales were 
divided as follows: To rubber com- 
panies, 269,807,000 pounds (88 percent); 
to ink companies, 18,116,000 pounds (6 
percent); to paint companies, 6,159,000 
pounds (2 percent); for miscellaneous 
purposes, 11,503,000 pounds (4 percent). 
These data indicate losses in the rubber 
and paint trades, gains for ink and mis- 
cellaneous uses. 

The United Kingdom continued to 
be the principal foreign customer fol- 
lowed by France, Germany, and Canada 
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in the order named. Although the con- 
tinued rise in export was one of the 
few bright spots in the industry in 
1937, a material part of this trade was 
based on military activities of uncertain 
duration. 


Plans for 1939 Oil Show at 
Houston in Progress 


Phage making a careful survey as 
to the desires of those exhibiting 
at the Houston Oil Show, the Execu- 
tive Committee recommended that the 
next Oil-World Exposition be held in 
Houston from April 24 to 29, inclusive, 
1939. At a meeting of the Board of Di- 
rectors this recommendation was ap- 
proved unanimously and all arrange- 
ments made to carry out the plans for 
the 1939 show. 

In order to determine the desires of 
the manufacturers and suppliers of oil 
equipment, the question was submitted: 
Do you favor holding the Oil-World 
Exposition in Houston every two years, 
alternating with the Tulsa Exposition? 
Of a total of 221 replies received, 192 
companies preferred an exposition held 
every two years in Houston and every 
two years in Tulsa. There were 13 
companies that wanted the expositions 
held every four years in Houston and 
every four years in Tulsa. One manu- 
facturer was satisfied with either ar- 
rangement and the rest of those reply- 
ing to the questionnaire sent out ex- 
pressed various desires such as a show 
every 18 months at each city. In all 
cases there was a desire for an exposi- 
tion at both Houston and Tulsa. 


More than 400 exhibiting spaces in 
the main building have been reserved 
for the 1939 Exposition in Houston, 
announced Ed G. Lenzner, general 
manager. A great number of exhibitors 
in the 1937 show have increased their 
space. In order to accommodate the 
demand for greater exhibiting space, a 
large annex has been constructed ad- 
jacent to the Coliseum where the last 
show was held. This annex will pro- 
vide an additional 90,000 square feet of 
floor space of which 46,000 square feet 
are on the same level as the main floor 
of the Coliseum and 44,000 square feet 
on the ground floor. In addition 13,300 
square feet of exhibiting space has been 
made available in the basement of the 
Coliseum which will give a total of 
184,742 square. feet or 938 exhibit 
booths. 

Approximately 50 percent additional 
outdoor space has been provided ad- 
jacent to the Coliseum to accommo- 
date the largest exhibits such as der- 
ricks, drilling rigs, engines, etc. In 
addition to the previous outside exhibi- 
tors, practically all of whom have re- 


-served space for the 1939 show, a num- 


ber of other companies not previously 
exhibiting have made inquiries regard- 
ing large blocks of outdoor space. 
Many important meetings and con- 
ventions are also being planned to be 
held during the Exposition. Fifteen 
meeting rooms have been completed in 
the Coliseum and a large convention 
hall is immediately adjacent to this 
building. The’ convention hall is air 
conditioned and is equipped for sound 
and has projection booths, a 90-foot 
stage and offers all the facilities desired 
for any type of meeting. The seating 
capacity is 2416. 
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New Smith Truck Meter 


MODEL 3T-40 
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SMITH 


METERS ‘ ° . 
| ERS | sen economy and efficiency in your truck deliv- 


eries, install this newest and smallest of Smith 

= Meters— Model 3T-40! With the precision of a fine 

, ~ e’ watch, this positive displacement meter measures 

’ =‘ eT _ —- \ accurately, practically tothe drop! Its unmatched ac- 

‘\ curacy is made possible by the Smith exclysive meter 

> principle which measures liquid “on the flow” with 
less friction and consequent greater speed. 





| Smith rotary-type action permits unimpeded flow and exact 
cubic measurement whether rate of flow is maximum, slow, or 
fluctuating. 


Model 3T-40 has a normal capacity of 40 g.p.m. With a 
maximum of 50 and a minimum of 4 g.p.m., it is an ideal meter 
for tank truck, fuel truck, small bulk plants, marine terminals, 
barrel fillings, and other applications where compactness and 
light weight are important considerations. 


Rigid Smith construction of 3T-40 withstands the jars and 
vibrations of truck usage. No need to “baby” this meter. No 
oiling. No reciprocating or oscillating pistons or valves to 
wear and cause inaccuracy. Smith design and engineering in- 
sure a longer serviceable life. 


Attesting to its accuracy and dependability, the new 3T-40, 
like other Smith Meters, already has earned the approval of the 
Massachusetts Department of Weights and Measures, as well as 
the approval of major and independent oil companies. 


The introduction of 3T-40 again broadens the wide range 
of sizes and types of Smith Meters available for nearly all truck, 
bulk plant, and refinery applications. For complete informa- 
tion, write Smith Meter Co., Roosevelt Building, Los Angeles, 
California or any office listed below. Complete stocks carried 
at all branches. 


cd 
Combinations Available: Model 3T-40 is available with horizontal reset 
counter, or 10-inch, or 6-inch vertical counters. Meter can also be 
equipped with a ticket-printing register and automatic set-stop. 
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Gas Purification: Producers Gas 
Company, Hays, Kansas, is erecting a 
Girbotol gas purification plant for re- 
moval of hydrogen sulfide. This is the 
third Girbotol to be built in the Otis 
field near Hays and when it is com- 
pleted all gas taken from the field by 
five pipe line companies operating 
there will be purified by this process. 


Gasoline Plant: Hammond Explora- 
tion Company is building a new high 
pressure absorption type natural gaso- 
line plant in the Bay City, Texas, area, 
with contract to Western Supply Com- 


VY PLANT ACTIVITIES VY 


pany, Tulsa. Plant cost is reported at 
$100,000. 


Recondition: Texas Oil Products 
Company, Gladewater, E. L. Ames, 
president, is reconditioning its 5000- 


barrel refinery with cracking facilities 
and will place the plant in operation. 


Refinery: Alice Sidney Oil Company 
is planning erection of a new refinery 
near El Dorado, Arkansas, to operate 
on crude from the Schuler field. 


Polymerization: Standard Oil Com- 

















































For imagination... 

for creative research in 
the development and perfec- 
tion of its products, petroleum 
refining commands a domi- 
nant position among modern 
industries. 

Fifty-seven years ago, when 
the Solvay Process* was first 
introduced into America, the 
refining of petroleum was a 
minor industry. Today, more 
than 60,000,000 gallons of 
gasoline and motor oils are 
consumed every day by the 
automobile driving public. To 
this ever-developing petroleum 
industry, the Solvay Process 
contributes Soda Ash, Caustic 
Soda and other alkalies and 
derivatives important to the 
manufacture of better gasolines 
and lubricating oi's. 

In the fifty-seven years that 
The Solvay Process Company 
has been manufacturing essen- 
tial alkalies in America, 
its products have con- 
stantly been refined 
and improved to meet 
the increasingly strin- 
gent demands of new 
process industries and 
the changing require- 
ments of older indus- 
tries. Today, in oil refin- 
ing as in countless other 
fields, the SOLVAY PROCESS 
keeps pace with time! 


--- and a famous 


*The Solvay Process employs salt, limestone and am- 
monia to make Soda Ash, from which basic material 


Caustic Soda and other necessary alkalies are derived. 


Ammonium Bicarbonate *Ammonium Chloride Calcium 
Chloride * Caustic Potash ¢ Caustic Soda ¢ Causticized Ash 
Chlorine « Modified Sodas ¢ Para-dichlorobenzene ¢ Salt 


Potassium Carbonate ¢ Soda Ash ¢ Sodium Nitrite 
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SOLVAY SALES 


Alcalies and Chemical Products Manufactured by The Solvay Process Company 


40 RECTOR STREET NEW YORK, S. Ws 
Branch Sales Offices: BOSTON + CHARLOTTE - CHICAGO - CINCINNATI - CLEVELAND 
DETROIT - NEW ORLEANS - NEW YORK + PHILADELPHIA + PITTSBURGH + ST. LOUIS - SYRACUSE 


CORPORATION 
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pany of Louisiana is building a new 
catalytic polymerization unit and is 
erecting an addition to its large hydro- 
genation plant at Baton Rouge. The 
company recently completed erection 
of a propane dewaxing plant to process 
phenol-treated residuum and other lu- 
bricating oil stocks. 


Repairs: Chalmette Petroleum Cor- 
poration, New Orleans, following a 
furnace fire, has completed reconstruc- 
tion of the furnace and installation of 
new tubes and other damaged equip- 
ment. 


Refinery: Southport Petroleum Cor- 
poration with refineries at Texas City 
and Kilgore, Texas, is mentioned in 
trade reports as planning construction 
of a new skimming and cracking type 
of refinery in the New Orleans, Louisi- 
ana, area. 


Modernization: Arkansas Fuel Oil 
Company (Cities Service) is reported 
planning an extensive modernization 
program to include installation of com- 
bination cracking and polymerization 
facilities at Shreveport, Louisiana. 


Gasoline Plant: Inglewood Gasoline 
Company, Wilmington, California, has 
purchased a gasoline plant from State 
Gasoline Company and is moving it to 
a new site in the Wilmington field. 


Refinery: British American Oil Com- 
pany, Ltd., Calgary, Alberta, Canada, 
is negotiating for site and certain tax 
concessions which if successful will 
mean the establishment of a 4000- to 
5000-barrel refinery in Calgary, at a re- 
ported cost of around $1,350,000. 


Refinery: Producers Refining Com- 
pany, Shelby, Montana, has announced 
plans for construction of a new 3000- 
barrel refinery in northern Montana, 
with definite location not yet decided 
upon. 


Operating: Premier Oil Refining 
Company, Longview, Texas, has _ re- 
sumed operations after several months 
shut down and is running 2500 to 3000 
barrels a day. 


Refinery: Producers Refining Com- 
pany, Shelby, Montana, is reported 
planning construction of a 2000-barrel 
modern refinery to cost approximately 


$650,000. 


Remodel: Shell Petroleum Corpora- 
tion is enlarging and remodeling its 
compression type natural gasoline plant 
in the Healton field, southern Califor- 
nia, converting it to absorption system 
at increasing capacity from 2500 to 8000 
gallons a day. Cost reported at $150,- 
000. 


Refinery: Greens Bayou Refining 
Corporation, Houston, J. A. Parker, 
president, is erecting a small skimming 
type refinery on Green’s Bayou about 
one quarter mile off the Houston Ship 
Channel. Reported capacity is 1000 bar- 
rels. Company has leased a five-acre 
tract for five years with option for ten 
years additional. Oil from Jennings, 








Startling figures 


on VACUUM 


savings— 





Typicai Elliott three- 
stage steam jet ejector 
with barometric type in- 
tercondensers. Sizes, 
types, and combinations 
of ejector stages and con- 
densers are dictated by 
individual conditions. 





“When the man bites the dog, it’s news” — similarly, 
while there is nothing remarkable in a steam jet ejector 
installation saving plenty over other methods of main- 
taining vacuum, it certainly is news when a modern ejec- 
tor in one year saves its own cost, plus upward of $1,000, 


over another ejector installation. 


The answer is, that while all ejector vacuum applica- 
tions are good, some are better than others — and a good 
deal better, as a glance at the cost analysis above will 
show. The particular refinery in which this occurred, now 
has replaced a second old type ejector with a modern 
Elliott 3-stage ejector, and two similar replacements were 
made in another refinery of the same company. Some of 
these units have now been working for two years, with no 
let-up in savings, and with no appreciable wear of nozzle 


or diffuser bores. 


Look over your vacuum apparatus now. 
Perhaps Elliott ejectors can save you 
money. Bulletin G-6 will help — so will 


our experienced engineering department. 


ELLIOTT COMPANY E 


Heat Transfer Department 
JEANNETTE, PA. 
District Offices in Principal Cities 
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Louisiana, is to be processed and will 
be brought to Houston in barges. 


Cracking: Eastern States Petroleum 
Company, Houston, Texas, has ac- 
quired a more liberal type of license 
from Gasoline Products Company, and 
has revamped its modern 10,000-barrel 
refinery to take advantage of the rights 
obtained under the new license ar- 
rangement. The company has been ac- 
tively pursuing a program of refinery 
improvements with the assistance of 
Gasoline Products Company since ac- 
quiring a limited license from it early 
in 1937. 


Purchase: Mutual Oils, Ltd., Edmon- 
ton, Alberta, Canada, has purchased a 





refinery in Mt. Pleasant, Michigan, and 
is moving the equipment to the new 
Canadian site. The plant was never 
operated. Purchase price is reported ai 
$150,000; capacity 1000 barrels. 


Chemicals Plant: The Carbide & Car- 
bon Chemicals Corporation, subsidiary 
of Union Carbide & Carbon Corpora- 
tion, is to build a large chemical plant 
at Texas City on a site recently pur- 
chased near the refinery of Pan Ameri- 
can Refining Corporation. The initial 
expenditures are to total $2,500,000, 
while the complete project will involve 
expenditure of around $4,000,000. 


Cracking: Magnolia Petroleum Com- 
pany ‘is nearing completion of con- 











Low steam consumption 


maintained 


Moderate speed per- 
mitting direct drive 
or low gear ratio 


flexible 


ie balens 


Wide, 


Why 15 REFINERIES 


Recently Ordered 
26 Troy-Engberg 
Steam Engines 


speed 


easily controlled 


BPEPEN DAS LE 


to obtain 
DEPENDABILITY 
ECONOMY AND 
CERTAIN OPER- 
ATING FEATURES 


Of the 26 drives referred to above, 17 
were for pumps thus still further em- 
phasizing the high rating given the 
modern steam engine on the question 
of dependability. 
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, high-running torque 


No explosion hazard 
Very low maintenance 


Oil-free exhaust, 
if desired 





One of several Troy-Engberg Steam 
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That the Troy-Engberg Engine is economical 
is amply demonstrated by the fact that many 
companies are getting their power at the 
drive shaft for 1/, cent per kwh or less. And 
the maintenance of these engines is neg- 
ligible. 

As for their desirable operating features, 
consider those listed above. They apply 
equally well to horizontal and vertical en- 
gines. They are characteristics particularly 
useful in not Tl 

The following bulletins tell the story of the 
modern Troy-Engberg Steam Engine. Send for 
copies. 

SURVEY BULLETIN No. 101 telling how 43 
leading companies found their average 
cost with the Troy-Engberg Engine to be 
only 1/2 cent per h. All costs were in- 
cluded in the survey. 

Steam Engine Catalogue No. 305 

Engine Control Bulletin 


If you are interested in Generating Sets, send 
for Catalogue 107 


TROY ENGINE & MACHINE CO. 


Established 1870 
951 Railroad Avenue, Troy, Pa. 


struction at Beaumont, Texas, two new 
cracking units designed under the Hou- 
dry. patents. The parent company, 
Socony-Vacuum Oil Company, is re- 
ported planning erection of Houdry 
catalytic cracking units at all its own 
refineries and those of its subsidiary 
companies. 


Cracking: The Pure Oil Company 
is progressing rapidly with construc- 
tion of its new 22,000-barrel combina- 
tion cracking unit at Nederland, Texas, 
with completion scheduled for Septem- 
ber. Contract to Lummus Company. 


Distillation: The Texas Company is 
nearing completion of its 16,500-iarrel 
two-stage crude distillation unit ai Port 
Neches, Texas. It is designed for use 
in asphalt manufacture. 


Modernizing: Gulf Oil Corporation 
continues to modernize its large re- 
finery at Port Arthur, Texas, and the 
work includes a polymer hydrogena- 
tion plant designed under the Hydro 
patents, a new U.O.P. catalytic poly- 
merization plant, a combination selec- 
tive cracking plant of 22,000 barrels 
capacity, and a 5000-barrel vacuum re- 
distillation unit, with general repair 
and modernization work affecting many 
other departments. 


Polymerization: Shell Petroleum Cor- 
poration is building a gasoline absorp- 
tion recovery plant, a stabilization sys- 
tem and a new polymerization plant 
at Norco, north of New Orleans, Lou- 
isiana. Cost of the new work totals 
around $700,000. 


Systematic Location of 
Diesel Engine Troubles 


A NEW and handy wall chart “Sys- 
tematic Location of Diesel Engine 
Troubles” arranged by Victor W. Pagé, 
M.S.A.E. has been published, and is 
ready for distribution. 

The increasing use of automotive 
Diesel engines and the numerous ap- 
plications of small and medium pow- 
ered engines operating on the com- 
pression ignition principle, to industrial 
uses as well as for transportation makes 
this new chart a particularly timely 
publication. It is intended for shop, 
school and garage use and is a valuable 
guide to Diesel engine trouble shoot- 
ing. The chart has sectional views, 
longitudinal and transverse, of a typi- 
cal modern light Diesel engine as well 
as diagrams of a fuel supply system, 
including the feed pump, the injection 
pump and the fuel injector. The type 
is large, clear and easily read. 

All mechanical parts are clearly in- 
dicated by arrows and named and the 
accompanying tabular matter summar- 
izes the various defects apt to occur, 
the symptoms that indicate the defec- 
tive condition and the remedy for the 
trouble. To make the search easy for 
the mechanic, the troubles are summar- 
ized under easily recognized faulty ac- 
tion such as lost power, hard starting, 
misfiring, noisy operation, reasons for 
different color of exhaust smoke, etc. 

Copies of this chart can be secured 
through the Book Department, Gulf 
Publishing Company, 3301 Buffalo 
Drive, Houston, Texas. Price 50 cents. 
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This simple system has proved ideal for remote transmission of measure- 
ment and control. One company has had some 17 in service for over 
a year...and has reordered several times. Performance has been 
extremely satisfactory. 

The Foxboro system is extremely accurate and dependable . . . ban- 
ishes fire and explosion hazards . .. and permits the use of centralized 
instrument panels without running high-temperature or high-pressure 
lead lines into the control room. 

Whether it be for flow, level, temperature, pressure or humidity, 
Foxboro has proved that measurements can be sent to one or more 
receivers located as far as 1,000 feet from the transmitter. The receivers 
need not be near each other—and may be indicators, recorders or con- 
trollers. Moreover, Foxboro Pneumatic Remote Control permits the loca- 
tion of the control in the receiving instrument without loss of power. 
Write for complete information. The 


Foxboro Company, 74 Neponset 
Avenue, Foxboro, Mass., U. S. A. FOX BORC( ) 
Branch Offices in 25 Principal Cities. 


REG.U.S. PAT. OFF. 


PROVED Stmple, Safe, Dependable 


























Six Proved Advantages: 


1. Accuracy. 
2. Dependability. 


3. No fire or explosion 
hazard. 


4. Control in the receiving 
instrument without loss 
of power. 


5. No high pressure or high 
temperature in control 
rooms. 


6. Extreme responsiveness. 





PNEUMATIC REMOTE MEASUREMENT AND CONTROL 
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SCIENCE AND TECHNOLOGY ’ 


Abstracts prepared in co-operation with the 


REFINER AND NATURAL GASOLINE MANUFACTURER 








Fundamental Physical and 
Chemical Data 


Gas-Liquid Equilibria for the System 
Methane-Butane, G. W. Nepersract /nd. 
& Eng. Chem. 30 (1938) pp. 587-8. 

In several processes of the natural gas and 
gasoline industry pressures higher than atmos- 
pheric are used, and as a consequence, infor- 
mation on gas-liquid equilibria of mixtures of 
lower hydrocarbons under pressure is of great 
interest. The solubility of methane in hydrocar- 
bons such as pentane and hexane has been de- 
termined by various investigators, but they did 
not examine the eomposition of the gas phase 
at the same time. It was therefore considered 
important to study the composition of both gas 
and liquid phases in the case of mixtures of 
methane with a hydrocarbon such as butane. 
Determinations were made at three tempera- 
tures—approximately —20°, 15°, and 40°C.— 
and at three pressures—10, 20, and 30 atmos- 
pheres. Data are presented in tabular form, as 
is also a graph showing the equilibrium constant 
calculated. 


Vapor Pressures of Solvents. D. H. 
KILueFFerR, Ind. & Eng. Chem. 30 (1938) 
pp. 565-7. 


Two additional nomographs are presented cov- 
ering groups of compounds boiling from 150° 
to 200°C. and above 200°C. The graphs have 
been prepared from carefully checked data, and 
are believed to be accurate within the limits 
of error of the original data. Those interested 
in securing these two nomographs, as well as 
the two published in the April issue of Indus- 
trial and Engineering Chemistry, can obtain 
them by sending 25c to Industrial and Engi- 
neering Chemistry, 706 Mills Building, Wash- 
ington, D. C. 


Specific Enthalpy of Low-Pressure 
Steam. C. H. Berry, Combustion 8 (1937) 
pp. 41-2. 

Equations and charts for computing the en- 
thalpy of low pressure steam with an accuracy 


of 2 percent for the temperature ranges —40° 
to 316°, 316-592°, and 592-872° are given. 


The Energy of Isomerization of Nor- 
mal Pentane into Tetramethylmethane. 
F, D. Rosstnt AND J. W. KNow Lton, / 
Chem. Phys. 6 (1938) p. 168. 


The determined value of the heat of combus- 
tion of CMes at 25°C. and 1 atmosphere is 
CMe; (gas) 802 (gas) = 5CO2 (gas) + 6H20 
(liquid); AH = —3516.41+ 0.94 NBS inter- 
national kilojoules per mole. The energy of 
isomerization of n-CsHi2 (gas) to CMes(gas) at 
25°: AH + AE = —19,59 + 1.24 kilojoules, or 
— 4.68 + 0.30 kilogram-calories per mole. 
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The abstracts here presented are selected from the current literature of science and 
technology to afford reference to fundamental information not easily available to all read- 
ers. Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 








Accurate Determination of Dew 
Point. A. W. Hixson anp G. E. WHITE, 
Ind. & Eng. Chem., Anal Ed. 10 (1938) 
pp. 235-40. 


Direct dew-point determination affords a sensi- 
tive means of determining vapor concentrations. 
The formation of dew has been utilized as a 
criterion in the investigation of phase equilibria 
with reference to motor fuels and hydrocarbon 
systems under pressure. It was the purpose of 
the study to improve the accuracy of dew-point 
indications. The technic is such as to eliminate 
the marked hysteresis error characteristic of 
methods involving continuous temperature 
change. An accuracy of + 0.01°C. is reached. A 
double gaseous film adjacent to the liquid phase 
is hypothesized in explanation of observed 
phenomena. 


Chemical Compositions 
and Reactions 


Catalysts in Hydrocarbon Chemistry. 
E. K. Ripear, Jour. Inst. Pet. Tech. 24 
(1938) pp. 221-4. 

Increasing attention is being paid in hydro- 
carbon chemistry to catalytic processes. It is 
shown that these can be formulated on the 
basis of a radical mechanism. Homogeneous re- 
actions can be brought about by free radicals 
and heterogeneous reactions by chemi-adsorbed 
radicals. The energy of activation of such 
heterogeneous processes is less than one fourth 
of the corresponding homogeneous reactions. 
This permits of lower temperature operation, 
greater efficiency and better control. The use of 
o.p. hydrogen and of deuterium as tools for the 
elucidation of the mechanism of hydrogenation 
is briefly indicated. 


Mechanism of Polymerization of 
Pure Olefines. F. Jostes AND W. 
BartTeELs, Oel u. Kohle 13 (1937) p. 1166. 


An effort was made to establish the course of 
polymerization by examination of intermediate 
polymers. The mild catalyst P2Os was used. 
Heptene gave a low-boiling, unsaturated inttr- 
mediate product, the properties of which sug- 
gested a dimeric structure, the molecules joining 
together to give a branched-chain, and not a 
straight-chain polymer. Small proportions of tri- 
and tetra-mers were obtained. Attempts to es- 
tablish the position of unsaturated linkages in 
the polymers by means of ozonolysis failed be- 
cause ozone was found to react with both the 
saturated and unsaturated carbon linkages. 
Higher olefins such as octene and dodecene gave 
no more than dimers even under relatively se- 
vere conditions. In the case of propene, no in- 
termediate products were identifiable, but it is 
believed that the polymers’ were chiefly 
branched-chain hydrocarbons. 


Mixed Polymerization of Butenes by 
Solid Phosphoric Acid Catalyst. V. N. 
IPATIEFF AND R. E. ScHaap, Ind. & Eng. 
Chem. 30 (1938) pp. 596-9. 


The fact that heptenes are formed by the 
mixed polymerization of butenes and propene 
suggested the possibility of producing octenes 
of highly branched structure by mixed poly- 
merization of isobutene with normal butenes. 
According to expectations, it was found that 
the formation of such isooctenes followed by 
hydrogenation yielded octanes of high anti- 
knock value suitable for use in the production 
of aviation gasoline. Working under 7.8 atmos- 
pheres pressure at 95-120, 177, and 120°C. pro- 
duced polymers containing, respectively, 70, 55, 
and 74-80 percent of octenes that hydrogenated 
to octanes of 98-100, 83-85, and 95-97 octane 
numbers. Polymers formed from mixtures of 
isobutene and n-butene under 42 atmospheres 
pressure at 149°C. contained 88 percent by 
volume of octenes that hydrogenated to octane 
of 95 octane number. For the production of oc- 
tanes of high anti-knock value, polymerizing iso- 
and n-butene mixtures was found superior to 
mixing the polymers formed separately from 
each of these butenes. For example, octane 
derived from 50 percent isobutene and 50 per- 
cent n-butenes by mixed polymerization and 
hydrogenation had an average octane number 
3.5 points higher than that of an octane blend 
composed of 50 percent hydrogenated di-n- 
butene and 50 percent hydrogenated diisobutene. 
The data are presented in some detail in tabular 
form, and a bibliography of 18 references 1s 
given. 


The Reaction of Cycloparaffins with 
Aromatic Hydrocarbons: Decycloakly- 
lation. A. von GROSSE AND V. N. IPATIEFF, 
J. Organic Chem. 2 (1937) p. 447. 


The authors studied the catalytic treatment 
of aromatic hydrocarbons with cycloparaffins. 
They term the process “decycloalkylation” since 
the reaction proceeds through a splitting of the 
cycloparaffin ring followed by alkylation of the 
aromatic hydrocarbon by the severed-ring paraf- 
fin. Benzene was easily alkylated with cyclo- 
propane at 25-30°C. by passing the pure dry gas 
for 30 hours into a mixture of benzene an 
powdered C.P. aluminum chloride activated with 
a small quantity of hydrogen chloride. The 
cyclopropane reacted completely and no gas was 
evolved. The upper layer contained 38 percent 
of unchanged benzene, 29 percent of n-propyl- 
benzene, 12.8 percent of dipropylbenzene, 12.7 
percent of tri- and higher propylbenzenes, and 6 
percent of héxapropylbenzene. Of special in- 
terest was the isolation of the hitherto unknown 
hexa-n-propylbenzene. This substance crystallized 
from hot alcohol in large flat white plates, melt- 
ing point 103°C., boiling point 332°C., and 
density at the melting point 0.8163. It was found 
that methylcyclobutane and benzene react readily 
at 20°C. in the presence of aluminum chloride 
three times, giving principally a mixture of is0- 
amylbenzene with at least one other isomeric 
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THOUSANDS OF YEARS APART IN METHODS— 
UT ONLY A FEW HOURS APART IN LOCATION 


ftobably the oldest oil refinery in the world 
till uses the primitive and inefficient methods 
t thousands of years ago. Oil skimmed from 
ulace pools is heated in a type of oven and 
en run through primitive stills from which 
othing but products of nondescript character 
an be expected. 

A few hours’ journey away is a modern re- 
ery, using cracking processes licensed by 
Pasoline Products Company, Inc. As complete 


in equipment as any large United States refin- 
ery, it turns out products of a quality compa- 
rable with those of any refinery anywhere. 

Gasoline Products Company, Inc., licensor of 
modern cracking processes, has played an im- 
portant part in the development of the present 
state of the pyrolitic cracking art. 

Investigate the advantages of combination 
cracking units and specialized types of crack- 
ing licensed by this organization. 


LICENSES granted under United States and Foreign Patents for: Cross, de Florez, Holmes-Manley, Tube and Tank Cracking Pr: UniCoil I ‘ion Process and Combination Cracking Units 
Licensing Agents: THE M. W. KELLOGG CO.., Jersey City, New Jersey, or its European Representative: COMPAGNIE TECHNIQUE des PETROLES, 134 Boulevard Haussmann, Paris, France 



















HEAT EXCHANGER 
GASKETS 


Any Size... Any Shape 
Every Material 
Superior Workmanship 
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GOETZE GASKET 
& PACKING CO., INC. 


8 Allen Ave., New Brunswick.N.]. 
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amylbenzene, probably 2-phenylpentane, and va- 
rious quantities of higher amylbenzenes. The re- 
action of cyclopentane and benzene was slower; 
it required a temperature of 150°C., and al- 
y Bae the expected amylbenzene and its homo- 
logues were identified, they were contaminated 
with quantities of ethylbenzene, toluene, etc. 


The Hydrogenation of Ethylene by 
Iron Synthetic Ammonia Catalysts. R. 
C. Hansrorp AND P. H. EMmertt. Jour. 
Am. Chem. Soc. 60 (1938) pp. 1185-90. 


The investigation was undertaken in order to 
ascertain the activity toward ethylene hydro- 
genation of typical iron synthetic ammonia 
catalysts. The hydrogenation reaction was 
studied in the range of temperature between 
—40 and —89°C. The reaction on the promoted 
iron catalyst in this temperature region was con- 
siderably slower than on unpromoted iron. The 
promoter of the synthetic ammonia catalyst 
appears to inhibit the hydrogenation of ethylene. 
Evidence is presented that indicates that the 
activated adsorption of hydrogen alone is in- 
volved in the reaction, ethylene being physically 
adsorbed. The lower temperature type of acti- 
vated hydrogen adsorption plays the dominant 
part in the reaction. 


Thermal Decomposition of Hexane 
at High Pressures. J. N. PEARCE ANp J. 
W. Newsome, Ind. & Eng. Chem. 30 
(1938) pp. 588-92. 


Although considerable work has been done on 
the thermal decomposition of paraffins at low 
pressures, relatively little work has been done 
at high pressures. The present paper presents 
the results obtained in a study of decom- 
position of n-hexane under very high pres- 
sures. Hexane was selected since its de- 
composition at low pressures was recently rather 
fully investigated by Frey and Hepp. The 
thermal decomposition of hexane was studied 
by the authors at pressures of 14,000 to 15,000 
pounds per square inch, and at 10°C. intervals 
between 430° and 520°C., and for periods of 
time varying from a few minutes to 2 hours. De- 
composition occurs in every instance to form 
compounds boiling both higher and lower than 
hexane. Carbon was deposited in some cases. 
The gaseous products boiling below 100°C. are 
chiefly aliphatic in nature. In the products boil- 
ing above 100°C. the cycloparaffins predominate 
with appreciable amounts of aromatics and some 
olefins. The data are presented in some detail 
in tabular and graphical form, and a bibliog- 
raphy of 12 references is appended. 


Thermal Decomposition of n-Octane. 
R. F. Marscuner, Ind. & Eng. Chem. 30 
(1938) pp. 554-62. 


Because of the lack of complete and accurate 
thermal decomposition data upon normal paraf- 
fins between hexane and hexadecane, the be- 
havior of n-octane in the neighborhood of 570°C. 
and at atmospheric pressure was studied. The 
n-octane employed was obtained without diffi- 
culty, and in satisfactory yield and purity, from 
Mid-Continent petroleum. The effect of tempera- 
ture, extent of decomposition, and nature of the 
apparatus in which the pyrolysis was effected 
were studied. Thermal decomposition at atmos- 
pheric pressure and 571°C. led to a long but 
simple series of products that differed quantita- 
tively from those predicted by the free-radical 
theory in the amounts of ethylene and of the 
heavier olefins formed. The product analyses 
were the same when decomposition was in- 
creased from 18 to 33 percent, and carried out 
in Pyrex glass instead of stainless steel ap- 
paratus, and differed but little from those ob- 
tained at 538°C. A slight revision of the free- 
radical theory improves somewhat its agreement 
with the experimental data. The effect of a car- 
bonized surface upon the pyrolysis was studied, 
and the bearing of these results upon the theory 
of thermal decomposition is discussed. The 
liquid products obtained were thoroughly ex- 
amined for evidences of rearrangement of olefins 
and of isomerization of the carbon skeleton. The 
ethylene deficiency cannot be readily explained, 
but the amounts of higher olefins can be, ac- 
counted for by assuming that the octyl radicals 
break unequally in the two possible directions. 
At temperatures below 571°C. stainless steel 
apparatus which has been in continuous use. for 
an extended period gave products that contained 
abnormally large amounts of methane. The other 
products were not greatly changed. Above 
571°C. methane and hydrogen resulted to the 
exclusion of heavier products. Fractionation an 
chemical treatment of the liquid decomposition 
roducts showed that the saturated hydrocar- 
ons retained the linear structure of the 
n-octane, as assumed by the free radical theory 
but that the 1l-alkenes apparently first produc 
were accompanied by small amounts of other 
unbranched alkenes and cycloalkenes. A_ bibli- 
ography of 54 references is appended. 
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DON’T LET YOUR PROFITS 


GO TO THE DOGS! 


HE bloodhounds almost got Eliza—just as 
those curs will get your profits if you don’t 
watch out. But why not protect them the easy, 
economical way—with Du Pont Antioxidants? 
Du Pont Antioxidants prevent gum forma- 
tion. They frequently eliminate the need for 
redistillation. They reduce color loss and main- 
tain the anti-knock quality. Your valuable 
equipment is not exposed to acid corrosion when 


LO5$ 
OF ANTIFKNOCK/ 





Du Pont Antioxidants are used. Consequently, 
you save on maintenance costs. 

All the gasoline in your whole tank farm can 
be protected at very little cost. Adopt this 
money-saving method and get increased profits 
from higher yields. For further information 
write to: E. I. du Pont de Nemours & Co., 
Inc., Organic Chemicals Department, Wilming- 
ton, Delaware. 


REG. U.S. PAT. OFF. 





“GASOLINE ANTIOXID 
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keep their ‘‘springy ball” structure when mixed with 
water and troweled on the job. Greater coverage results 
—with minimum shrinkage. Write for free samples. 


THE EAGLE-PICHER LEAD COMPANY 


Cincinnati, Ohio 


aie eneeedaleenns mares eee en 
FOR SALE 


A COMPLETE REFINERY 


Also Tanks from 500 to 10,000 barrels, and miscellaneous 
refinery equipment, machinery and fittings. 


REFINERIES SALVAGE COMPANY 


Drawer 0, Arp, Texas Phone: 9102 Overton, Texas 

















@ Eagle Super “‘66"’ Plastic Insulation is made of tiny | 
mineral wool pellets which contain thousands of dead | 
air cells. These pellets are remarkably resilient — they | 
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Manufacture: 
Processes and Plant 


The Science of Petroleum. Editors: 
A. E. Dunstan, A. W. Nasu, B. T. 
BRooKs, AND Sir Henry TizarpD, Four 
Volumes, pp. 1-3192. (London: New York 
and Toronto: Oxford University Press) 
15 pounds, 15s. net. 


For about 15 years no work or reference has 
been published dealing with the entire field of 
the petroleum industry. A revision of any pre- 
vious work was thought to be impracticable by 
the editors, because the changes in technology 
have been so extensive as to require an entirely 
new approach. The developments in technology 
have long outstripped the ability of any single 
author to deal with them authoritatively. In the 
preface to the work the editors state: “The 
records of advances in the science and technology 
of petroleum are scattered in innumerable 
journals and in the archives of industrial com. 
panies. The purpose of the present work is to 
provide a balanced and comprehensive treatise 
that shall be critical in treatment ... ” The 
individual chapters of the work are really sepa- 
rate scientific papers varying in length from 
1000 to 40,000 words, each planned and arranged 
in its relationship to the whole. The contents 
are broadly divided into: Volume I, Geology, 
Production and Transport; Volume II, Chem- 
istry and Physics; Volume III, Refining; Vol- 
ume IV, Products and Utilization. The entire 
work comprises approximately three million 
words in 3192 pages. To review these volumes in 
any adequate manner is quite impossible in a 
brief abstract. The work can only be appreciated 
by actual reference to and study of the contents, 
which is highly recommended. 


Equilibration of Liquid and Vapor on 
a Rectifying Pan. M. RuHEMANN, 
Physica 4 (1937) pp. 1157-68 (in Eng- 
lish). 

Bozynjakowic’s kinetic equations for molecu- 
lar interchange between a binary liquid and its 
vapor are applied to determine the time needed 
for bubbles of vapor to attain equilibrium with 
a liquid through which they are rising. The 
resultant formulas were used to compute the 
effectiveness of contacting plates of an_ air- 
separating plant. The results so obtained were 
compared with the actual results’ secured 
through use of the column. 


Effect of Tube Arrangement on Con- 
vection Heat Transfer and Flow-Re- 
sistance in Cross-Flow of Gases Over 
Tube Banks. O. L. Pierson, Trans. Amer. 
Soc. Mech. Eng. 69 (1937) pp. 563-72. 


The convective rate of heat transfer between 
gases and tube banks, as well as the corres 
ponding pressure drop for transverse flow, were 
measured to determine the effect of varying the 
spacing of the tubes. Thirty-eight tube arrange- 
ments differing in center-to-center spacing in 
the direction of flow, and also transversely, 
were tested. The tubes were all of the same 
size. The spacing, both for tube rows in line 
and staggered, varied from the closest prac- 
ticable to 3 tube diameters. Each bank, with 
two exceptions, comprised 90 tubes arranged in 
10 rows transverse to the air stream, each row 
containing 9 tubes 0.31 inches in diameter, unt- 
formly heated throughout their length. Heat was 
transferred to a stream of cool air. Heat input 
to the bank was kept constant at 72,000 B.t.u./ 
hr. The mass velocity of the air was varied. 
Data showed that the convective rate of heat 
transfer and flow-resistance of the tube banks 
varied markedly with change in tube arrange- 
ment. No simple statement of this variation was 
found possible. 


Effect of Equipment Size on Convec- 
tion Heat Transfer and Flow-Resist- 
ance in Cross-Flow of Gases Over 
Tube Banks. E. C. Huce, Trans. Amer. 
Soc. Mech. Eng. 59 (1937) pp. 573-81. 


The effect of tube size as a factor in heat 
transfer and also in pressure drop for gases 
flowing transversely over tube banks of a given 
tube arrangement, was studied, using several 
different sizes of tubes. Nine different tube ar- 
rangements, defined by center spacings in the 
direction of flow, and also transversely, were 
used with tubes %-inch and 11/16-inch in dt 
ameter. The spacings range from a min‘mum 0! 
1%x1% to a maximum of 2x3 diameter. Ten 
rows of tubes were used in the direction ol 
flow, and each row was ten tubes wide except 
for one case in which eight tubes wide was 
used. In addition, three arrangements of tubes 
of 2-inch diameter were used in banks tefl 
rows deep and 9-15 rows wide.- When using the 
smaller tubes heat was transferred from hot 
gases outside the tube to cold water inside the 
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ih Super-octane gasoline (up to 100 octane 
Z. rating) will soon power every American 
= army and navy airplane 

ge That is what General Westover, chief 
it of the U. S. Army Air Corps recently 
= told the Congress 

ae This new super-fuel gives to airplanes 
nt speed and climbing power and ceiling | 
ts never known before 

e American air lines use it, too It cuts 
ve hours from flying schedules—adds tons 
7 to pay load 

= The U.O.P Isooctane Process makes 
=a this super-fuel from gases that are gen- 
vr erated while the Dubbs process is 
2 cracking oil—any kind of oil—into 
a Dubbscracked gasoline to drive the 
a nation’s rubbershod wheels 

: 

= Universal Oil Products Co Dubbs Cracking Process 


Chicago, Illinois Owner and Licensor 
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& 3 2 long life. They are made of 
ce £ the highest grade materials, uniformly 
4 distributed and accurately machined 
throughout. Before leaving our factory 


{ every valve 
tested. 

In every detail, Fairbanks Valves are built to 
withstand severe service and assure low mainte- 
nance cost. 


Your satisfaction is 
assured by our experi- 
ence of over fifty years 
in the manufacture of 
valves. 


Distributors everywhere sell 
Fairbanks Bronze and_ Iron 
Valves for low, medium or high 
pressure,. with screwed and 
flanged ends, in globe, gate, 
angle, check and cross patterns. 


Write for Catalog No. 21. 


THE FAIRBANKS CO. 


Valves, Dart Unions, 
Hand Trucks and Wheelbarrows 
Executive Offices: 20 East 4th St. 


New York, N. Y. 


Boston, Pittsburgh— 
Distributors in Principal Cities 
Factories: Binghamton, N. Y., Rome, Ga. 


is carefully inspected and 
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tube. When using 2-inch tubes heat was trans. 
ferred from condensing steam inside to air 
outside. 


Data on Flow Resistance and Heat 
Transfer in Cross-Flow of Gases Over 
Tube Banks. E. D. Grimison, Trans. 
Amer. Soc. Mech. Eng. 59 (1937) pp. 
583-94. 

The data obtained in 
Pierson and Huge are 
cussed by the author. 


the experiment of 
summarized and dis. 


Sludge and Sludge Formation in 
Cracked Residues. J. VosKuIL ANp J, 
Rosu, Jour. Inst. Pet. Tech. 24 (1938) pp. 
181-206. 

Several cracked residues from different ma. 
terials,, cracked. under varying conditions, were 
microscopically examined. It was found that the 
microscopic images varied widely. Some were 
almost homogeneous even with dark ground 
illumination, lke the straight-run residues, and 
others contained many inhomogeneities (sludge), 
In most cases it is impossible, owing, for ex. 
ample, to viscosity, to determine directly the 
quantity of sludge in residues and in mixtures 
of residues with gas oil. An indirect method 
was therefore used. This consisted of determin- 
ing quantities of precipitate in a residue with 
varying quantities of a precipitant hydrocarbon 
(e.g. 60/80. gasoline, and mixtures of gasoline 
and benzene). The percentages of precipitate 
were plotted as a function of the quantity of 
precipitant hydrocarbon. The resultant curve was 
extrapolated on the graph or with the aid of an 
empirical formula, to a dilution of the hydro. 
carbon of zero. The quantity of sludge in the 
residue was thus found. The occurrence of 
heater sludge in the preheaters of oil burners 
when using cracked residues as fuel components 
was studied. It was found that the conversion 
of sludge into heater sludge depends on the 
medium of suspension. If the medium contains 
too few materials that have a stabilizing effect 
on the sludge, the latter is converted into heater 
sludge. Oxidation plays an important part in 
this regard. 


Products: 
Properties and Utilization 


New Results of Testing Lubricating 
Power with Thoma’s Oil-Testing Ma- 
chine. E. H. Kapmer, Oel, Kohle, Erdol u. 
Teer 14 (1938) pp. 147-51. 


Thoma’s oil-testing machine is described. It 
comprises two crossed rolls of steel driven by 
a motor at 50 and 300 r.p.m. respectively. When 
it rests the rolls are in point contact; in motion 
the contact describes a helical line for one of 
the rolls executes automatic axial travel. Since 
they run in contact and at different velocities, 
the friction is purely sliding. The rolls are placed 
in an oil-tight housing that can be heated and 
filled with the oil to be tested. By sliding 
weights on a lever the pressure of one roll 
against the other can be increased. The friction 
losses are transmitted to a torsion friction bal- 
ance with friction indicator. The lubricating ca- 
pacity of oils can only be compared with this 
apparatus if the oils have the same viscosity. By 
changing temperature different oils can _ be 
tested, as they were in these experiments at 80 
and 40 centipoises. Differences in lubricating 
capacity depend upon the chemical structure 
of the hydrocarbons. Average friction increased 
proportionately as load was increased from 200 
to 2000 grams, as specific gravity increased, 
with the viscosity pole height or slope, and with 
the percentage increase of carbon rings in the 
molecules. All fatty oils, and particularly the 
fatty acids, showed lower friction than the min- 
eral oils, while the oils from coal tar, and par- 
ticularly refined rosin oil, had high friction 
value. For the hydrocarbon oils there is a de- 
pendence between specific gravity and refraction 
that does not exist in the fatty oils and fatt 
acids. According to the data secured the paral- 
fin-rich mineral oils are better lubricants than 
aromatic oils, and there is a definite relationship 
between the coefficient of friction on one han 
and specific gravity, refraction, aniline point, 
and proportion of carbon rings to carbon chains, 
on the other hand. 


The Structure of Lubricating Greases. 
A. S. C. Lawrence, Jour. Inst. Pet. Tech. 
24 (1938) pp. 207-20. 


The authors note that the statement to the 
effect that a grease is a water in oil emulsion 
stabilized by soap, or, more vaguely, a colloida 
solution of soap in oil, is unsupported by evr 
dence, and is in fact entirely untrue. _ There 
exists no public knowledge of the value & 
greases for the particular purposes to W - 
they are applied, nor of their limitations, nor 
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® Heads to 400 feet. 


® Temperatures to 800'F. 





Type FH-FL 


——— al 


THE MODERN ereriNerY PROCESS PUMP 


Solidly mounted, at water-cooled portion of casing, to heavy cradle, insuring per- 
manent alignment, regardless of temperature. 

Heavy duty ball bearings positively lubricated. 

Water-jacketed stuffing boxes and oil reservoir. 

Construction permitting complete dismantling of the unit without disturbing the 
piping or moving the driver. 

Suction passages which are direct and liberal, preventing vaporization. 

Write for descriptive literature. 
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DALLAS, TEXAS 





MAXIM SILENCERS 
CA 


N TAKE IT! 


Model BRX MAX- 
IM SILENCERS 
are built to stand 
up under the-most 
severe conditions. 
Designed to take 
the shock of gas 
engine exhaust 
line explosions, 
and of all steel, 
welded construc- 
tion, model BRX is 
safest for your en- 
gine. It will pay 
you to insist on 
MAXIM. 


These Maxim Silencers reduce exhaust noise to a whisper 


THE MAXIM SILENCER CO. 


HARTFORD, CONN. 


























































V-Port 
Motor Valve 





e 


| 28-40 Penn Avenue 





With both Flow-Control and 
Pressure-Control Regulators 
this valve is APPROVED 








5 pws V-Port gradual-opening valve 

here shown is thoroughly depend- 
able with flow controllers and instru- 
ment-type auxiliary-controlled pres- 
sure regulators and with many other 
forms of refinery equipment. Has 
many applications also in other indus- 
tries. Made for either direct action 
(closed by diaphragm pressure) or 
indirect action (opened by diaphragm 
pressure). Sizes 4 inch up, all with 
ample diaphragm area to give positive 
unfailing response. Read Bulletin 


4096. 


THE CHAPLIN-FULTON MANUFACTURING CO. 


Pittsburgh, Pa. 
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their optimum composition for various uses, 
Knowledge of the best methods for the manufac. 
ture of greases is the result of experience, and 
is not based on any fundamental knowledge of 
the results to be achieved. Work on non-aqueous 
gels, published in full elsewhere and summarized 
in this article, throws considerable light upon 
the nature of greases and on the actual prob- 
lems that they present. Soap-oil systems exist in 
three forms: true solution, true gel and pseudo- 
gel, that is, a paste of micro-crystals. Commer- 
cial lubricating greases may be in stage 2 or 3. 
There is a well-defined temperature of transi- 
tion from 2 to 3 which depends on the nature of 
the soap used and upon the presence of polar 
substances such as fatty acid, water or glycerin, 
that lower it. These greases are not emulsions. 
Natural greases such as butter and tallow are 
emulsions in which the dispersion medium is a 
soft solid. Dispersion of the soap in the oil 
can be brought about by stirring at any tem- 
perature above that of the transition and does 
not require raising to that of true solution, 
Formation of gel and pseudo-gel are crystalliza- 
tions, and the mechanical properties of the sys- 
tems are the result of the peculiar crystal habit 
and properties of the separating soap particles. 
The properties are profoundly modified by small 
amounts of fatty acid. Interesting photographs 
are presented in the article that show the 
crystalline structure of a typical system of 
sodium stearate in Nujol. 


Aluminum Stearate Greases. F. J. 
—— Ind. & Eng. Chem. 30 (1938) pp. 


Aluminum stearate grease has the advantage 
of crystal transparency and customer appeal, 
relatively high temperature resistance, stability, 
water-proofness, and the possibility of wide ap- 
plication in a variety of lubrication problems. 
Data are presented to show that grease makers 
can modify the properties of aluminum stearate 
greases by control over (a) viscosity and type 
of oil, (b) rate of cooling, (c) time of com- 
pounding and moisture content, and (d) use of 
fluxes. With fluxes it is often advisable to use 
ready-made bases that are designed to give defi- 
nite desirable results. 


Viscosity Classification of Transmis- 
sion Oils. Automotive Industries 78 
(1938) p. 522. 


The Lubricants Division of the S.A.E. Stand- 
ards Committee has prepared a new classifica- 
tion of transmission lubricants. This was ap- 
proved by the Standards Committee in January, 
1938. Heretofore the separation of transmission 
lubricants into five classes was based on vis 
cosity at 100°F. The committee deemed it ad- 
visable to take the viscosity of the lighter 
grades at lower temperatures; for example, 
S.A.E. 80 is a winter lubricant, and the vis- 
cosity should be taken at 0°F. S.A.E. 90 is the 
winter grade in widest use, and the committee 
decided that the viscosity should be taken at 
109°F. The number of summer transmission lu- 
bricants was reduced to two, S.A.E. 140 and 
S.A.E. 250. The viscosities of these grades is to 
be taken at 210°F. rather than 100°F. 


Fundamentals of Extreme-Pressure 
Lubricants. W. F. Paux, Petroleum Z. 
33, No. 23; Motorenbetr. 10 (1937) pp. 
2-5. 

True extreme-pressure lubricants are distinct 
from mere compounded oils and their action 
rests on the formation of a film of sulfide or Cl-S 
compound of the metal over its surface. After 
this film is formed no further corrosion of the 
metal surface should occur. The three types ol 
extreme-pressure lubricant are: (1) compounded 
oils with a Cl-S compound in solution (2) 
compounded oils with sulfur in solution, and 
(3) mixtures of mineral oil and lead soap. The 
first type will withstand the highest pressures, 
but may become corrosive in the presence ol 
water. The second type does not possess the 
danger of corrosion of type (1). The third type 
will withstand up to 15 times as much pressure 
as ordinary lubricants, but there is danger that 
lead sulfide will separate. Uses of such lubri- 
cants in industry are discussed. 


Reciprocal Action between Bearings 
and Lubricants. THEopoR RANow, Petro- 
leum Z. 33 (1937) pp. 1-8. 


Four lubricating oils and eight bearing metals 
were studied in a Kammerer-Welter bearing test- 
ing machine. Significant relationships were 
found for the condition of fluid friction but not 
for conditions of mixed friction. The limit for 
most of the metal-oil combinations was foun 
to approach a common value. 


The Use of Colored and Decorative 
Asphalt for Roads and Buildings. D. C. 
Broome, Jour. Soc. of Chem. Ind. 51 
(1938) pp. 99-106. 


The use of asphalt for roads and buildings is 
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For a ready answer 
to your corrosion problem turn 
to the comprehensive material 


compiled by INCO engineers 


Monel, widely used in refinery applications, is 
strong, tough and highly resistant to erosion and 
wear. But do you know how Monel compares with 
other metals in resistance to corrosion? Also... 
what kinds of corrosion Monel withstands? 


Sulphuric acid corrosion, for example, must be 
combatted in super-centrifuges used for acid treat- 
ment of lube stocks. This same kind of corrosion 
also affects acid sludge valves; likewise pumps, rods, 
liners, impellers, and the wire cloth used for filter- 
ing acid treated products. 

For all such parts Monel is the popular metal. 
And for vulnerable parts in fractionating towers, 
columns and solvent treating units, protection 
against corrosion by brine, chlorinated solvents and 
hydrochloric acid from these sources, is also pro- 


vided by Monel. 


Thus, INCO engineers are constantly engaged in 
solving problems of corrosion . .. and INCO files are 
full of valuable corrosion test data. Write for this 
data today. Ask for “Sulphuric Acid vs. Metals”, 
“Resisting HCL Corrosion with Metals”, and “Nickel 
and Nickel Alloys for Oil Refining Equipment”. 
Also, submit your specific corrosion problems for 
analysis and practical suggestions. Address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 WALL STREET NEW YORK, N.Y. 
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GASOLINE PLANTS OIL REFINERY EQUIPMENT 
ABSOKBER TOWERS FRACTIONATING TOWERS 
EVAPORATORS CRUDE STILLS 

HEAT EXCHANGERS CONDENSER BOXES 
INTER-COOLERS CAUSTIC TANKS 
PRE-HEATERS TREATING TANKS 
SCRUBBER TANKS MIXING TANKS 
PRESSURE TANKS AGITATORS 

STILLS COMPOUND TANKS 
CONDENSERS ACID TANKS 

BUBBLE TRAYS OIL STORAGE TANKS 


TEEL TANK CORPORAY 


‘VESEAN 
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Bubble Tower, All sizes up to 11 ft. diameter, ony length 
See Composite Catalog Refinery Equipment, Page 304 


VULCAN STEEL TANK CORPORATION 


Office and Piant: N. Harvard and Frisco R. R. P. O. Box 1844—Phone 5-2101 


TULSA, OKLAHOMA 





“Indispensable to the oil engi- 
neer, technologist and chemist 
+ + . a complete reference work 
covering the entire world of pe- 
; troleum,.” 
: —NATIONAL PETROLEUM NEWS 
Planet 


© * riesar 
erence 


Mourn iv 


The Science 
of 
Petroleum 


A Comprehensive Treatise of the Principles and Practice of 
the Production, Refining, Transport, and Distribution of 
Mineral Oil 


Editors 
B. T. Brooks - H. T. Tizard - A. E. Dunstan - A. W. Nash 


4 LARGE QUARTO VOLUMES 8/7, x 11/4, INCHES 
3192 Pages. Fully Illustrated. Over Three Million Words 


Preface by WALTER C. TEAGLE 


“It is packed with so much fine infor- petroleum and its products. It is a 
mation from a fundamental and prac- masterpiece! — Dr. Gustav Egloff. “A 
tical standpoint that it should be a veritable encyclopedia on oil, invalu- 
part of the library of anyone inter- able as a work of reference.’’—The Oil 


ested even in the slightest degree in and Gas Journal. 
Price $85 the Set. For prospectus please see your bookseller or address 


OXFORD UNIVERSITY PRESS 114 Fifth Ave., New York 
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as old as civilization, but it is only in recent 
years that any serious effort has been made to 
depart from the natural drab color of the ma- 
terials employed. Although the colored asphalt 
industry is only about 15 years old, it has long 
passed the experimental stage, and the author’s 
paper is an account of its present state of de- 
velopment. The mixtures discussed are grouped 
under the headings of mastic, rolled, and rock 
asphalt; that is, the materials in which the 
er decorative effect is obtained by the 
use of colored aggregates, and paints. The °:n- 
portance of the bitumen and of the pigment 
employed, is emphasized and reference is made 
to the measurement of color, both of the 
bitumen used and of the finished mixture. 
Typical figures are given showing the physical 
and other characteristics of materials suitable 
for roads and floors of various types. As an ex- 
ample of the progress achieved with seemingly 
difficult problems the discussion of traffic sign 
or line mixtures is of intérest. These mixtures 
may be applied to almost any type of existing 
road, the asphalt or tarmacadam being cut out 
by means of a special burner or with a hammer 
and chisel. White and yellow mastics are ap- 
plied, normally to a thickness of about one half 
inch. The white mastic is invariably titanium 
oxide, used either as such, or as titanium litho- 
phone. To make the yellow mastic, cadmium 
sulphide is best, but because of its cost attempts 
have been made to replace it with other yellow 
pigments, and some measure of success has 
been achieved. 


High-Vacuum Fractional Distillation 
without Gravitational Reflux. G. von 
ELBE AND B. B. Scott, Ind. & Eng. Chem., 
Anal. Ed. 10 (1938) pp. 284-6. 


The usual method of fractional distillation in- 
volving gravitational reflux cannot be applied to 
the separation of mixtures of substances of low 
vapor pressure, since, to maintain a reasonably 
fast reflux ratio, the vapor pressure of the com- 
ponents must, in general, exceed 1 mm. Fur- 
thermore, this method is not applicable to liquid 
volumes smaller than a few milliliters, since the 
holdup losses then become a significant fraction 
of the total input. In the apparatus described 
the mixture to be fractionated is placed in a 
rather long, evacuated glass tube, along which 
for a certain distance a temperature gradient is 
maintained by means of a thermostatic system. 
The mixture tends to accumulate at the low- 
temperature end. By pulling the tube slowly and 
uniformly through the region of temperature 
gradient the mixture can be made to distill con- 
tinuously, and can be separated into its com- 
ponents. The operation of the apparatus is de- 
scribed in application to separation of p- and 
m-xylenes. 


Laboratory Extraction Apparatus 
and Its Use in Separating a Lubricat- 
ing-Oil Fraction with Acetic Acid. S. 
T. Scuicktanz, Bur. Stand. J. Res., 
Wash., 20 (1938) pp. 83-6. 

A glass laboratory extracting column is de- 
scribed that operates with reflux. It is designed 
for the use of solvents heavier than the liquid 
to be extracted. Results are given for the ex- 
traction of a narrow-boiling fraction of “water 
white” lubricating oil with acetic acid. 


Determination of Carbon and Hydro- 
gen. S. NATELSON AND E. B. Conner, /nd. 
& Eng. Chem., Anal. Ed. 10 (1938) pp. 
276-9. 

A compact, easily built combustion train for 
the determination of carbon and hydrogen in 
samples of organic compounds is described. The 
apparatus is mounted on one short ring stand, 
takes up little desk space, and can be easily 
moved to a convenient place without dis 
mantling, when not in use. The amount of gas 
used is measured by the introduction of a new 
type of gasometer, which results in more con- 
sistent determinations. Heating is done elec- 
trically. Pyrex glass can be used permanently 
for the combustion tube, when special care 1s 
taken and the temperature is kept at about 
550°C. It is recommended, however, that, when 
available, harder glass be used, and a tempera- 
ture of 650°C. be used for more rapid com- 
bustion. The apparatus is described in some 
detail. 


EW officers of Greene, Tweed & 

Company, were elected at recent 
directors’ meeting. F. J. Demarest 1s 
the newly elected president, with H. 
G. Russell as treasurer and general 
manager. J. A. McKeon remains as 
vice president and H. A. Erwood as 
secretary. 





a TUBES FOR THE OIL REFINER 


Condenser and heat exchanger tubes in the oil refining industry 
form part of a continuous production unit, operating under 
severely corrosive conditions. In a cracking unit like the one 
illustrated, which uses nine condensers and heat exchangers, tube 
alloys must be carefully selected for long life and low mainte- 
nance. Bridgeport Brass Company’s long experience in tube 
application is an important aid in alloy selection. 
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Condensers, coolers, and heat exchangers at this East Texas 
natural gasoline plant were completely retubed with Bridgeport 
tubes. In making tube applications, Bridgeport engineers gladly 
survey specific operating conditions and recommend the most 
suitable alloy. 
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Distillation and fractionation units are subjected to the 
action of acids, chlorides, and sulphides. For this serv- 
ice certain of the non-ferrous alloys have been found to 
give excellent results under proper analysis of condi- 
tions. Use of a particular alloy depends on tempera- 
ture, corrosive agents, and other variable factors. 


For general industrial piping service Bridgeport Cop- 
per Water Tube provides an economical, corrosion- 
resisting system, easily installed with solder type fit- 
tings. To facilitate shipment on rush orders, Bridgeport 
maintains, in conveniently located warehouses, ample 
stocks of condenser tubes in the more common alloys, 
of brass and copper pipe, and of copper water tube. 


If you are planning a new or retubing job on condensers 
or heat exchangers, call in the Bridgeport Condenser 
man in your territory. His recommendation of an alloy 
will be based on a survey of your specific needs. 
Photos by courtesy of Refinery Engineering & Equipment Co. 
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New Equipment for the Modern Plant | 





Union Line Blinds 
HAMER OIL TOOL COMPANY 


The Hamer Oil Tool Company of Long 
Beach, California and. Hamer Oil 
Tool Company of Texas, P. O. Box 
2440, Houston, Texas, announce the de- 
velopment and introduction of the new 
Hamer Union Line Blind, which com- 
pletely eliminates the.old method of 
blinding lines in refinery, natural gaso- 
line plants, and marine terminal work. 

Through the use of the Union Line 
Blind important savings are made in 
blinding a line and once blinded by the 
new device a positive shut-off is ac- 
complished. In the old method of line 
blinding two men will often spend 
about one hour removing the bolts, 
spreading the flanges, reversing the 
plate and .after replacing the gaskets, 
tighten the bolts to shut off possible 
leakage. This method involves loss of 
fluids drained from lines, creates dan- 
gerous fire hazards and is expensive. 

With the new type of blind it is pos- 
sible for one man to make the change 
from open to closed position, securing 
a positive shut off in less than a minute. 
The Union Line Blind is now being 
used successfully on butane, gasoline, 
pressure distillate, fuel oil and other 
refinery and gasoline plant fluids. The 
blinds are made of all-steel parts de- 
signed so that castings are as thin 
as possible and yet maintain great 


strength. They are recommended for 
use on working pressures from 1200 
pounds down to zero, or made to be 
placed in vacuum lines. They are avail- 
able with both ends flanged, threaded 
or scarfed for welding. They will per- 
form satisfactorily indefinitely and 
at no maintenance cost. 





Hamer Union Line Blind 


Air Cleaner 
THE LINCOLN ELECTRIC COMPANY 


The Lincoln’ Electric Company, 
Cleveland, Ohio, announces a new ma- 
chine, which conditions air by filtering 
out dirt particles and which is said to 
remove approximately 95 percent of the 
dirt from the air in the vicinity of 
grinding, welding and other shop op- 
erations. 

The machine also draws smoke and 
heat away from the work thus con- 
tributing materially to the efficiency of 
welders and to the general improve- 
ment of shop conditions. It can also be 
adapted for blowing smoke away where 
such operation is desired. 

The new air conditioning machine, 
known as the “Linconditioner,” has 
been developed to provide work’ shops 
a’ more «economical solution to. the 
problem of cleaning shop air than that 
obtained with the conventional shop 
ventilating system. It removes the 
smoke and dirt at their source rather 
than after they have combined with 
large quantities of air. This requires 
less power. Also, since no air is taken 
in or blown to the outside of the build- 
ing, the new machine conserves plant 
heat. 

The “Linconditioner” consists of a 
motor driven fan which produces suc- 
tion through a flexible metal tube. The 
fan draws the air through the flexible 









By the U. S. BUREAU of MINES 
ACME Faull Vision GAS MASKS 


Acme FULL VISION Gas Masks Nos. 4 and 4A, 
with Acme Type 1-OV (Organic Vapors) Can- 
isters, now carry United States Bureau of Mines 
Approval Numbers 1418 and 1418A. 

Full Vision is an original and exclusive Acme 
feature, enabling the wearer to see exactly the 
same as when not wearing a mask—a most im- 
portant contribution to safety. Moreover, the 
Acme FULL VISION Face Piece is the lightest 
weight Government Approved Face Piece, and 
the complete masks are the lightest which have 
yet received the Bureau of Mines Approval. 
Other Acme Features include replaceable Safety 
Glass Lenses, scientifically designed Head Har- 
ness which eliminates all pressure points on the 
wearer's forehead, and Dead Air Check Valves 
to prevent exhaled breath from accumulating in 
Fresh Air Ducts. 

Acme FULL VISION. Masks are the utmost in 
Safety, Comfort and Value. Write for Complete 
Information and Bulletins on Acme Full Vision 
Gas Masks or Full Vision Supplied-Air Respira- 
tors (Hose Masks). 


ACME 


PROTECTION EQUIPMENT CO. Inc. 


Manufacturers of Respiratory Protection 


3601 LIBERTY AVE. PITTSBURGH, PA. 
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BETTER MATERIALS 


New developments bring new problems. The design- 
ing of an improved direct-drive steam engine, for 
oil-field service, necessitated the use of a material 
that would withstand continuous subjection to high 
steam temperature (550° to 600°F.). 

The manufacturer adopted a Chrome-Nickel-Moly 
(0.50-1.00% Mo) iron for vital engine parts. Due to 
its Moly and Chromium contents, its high growti. 
resistance assures maintenance of the close toler- 


ances necessary to efficient engine performance. 


TEMPERATURES 


This iron also has advantages from the standpoint 
of production costs. The castings are free from defects. 
They have fine grain in the heavy sections and satis- 
factory machinability in the light sections. 

On the foregoing points alone, Moly irons warrant 
careful consideration. And there are many others, 
likewise attested in practice. Our book, “Molyb- 
denum in Cast Iron,” will show the way to more 
economical high-strength castings. It is free. 


Climax Molybdenum Co., 500 Fifth Ave., New York. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 
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“Linconditioner”’ Air Conditioning 
Machine. 


tube and exhausts it in a filter which 
is located in the periphery of the pow- 
er unit. The flexible tube is supported 
by a welded steel arm and spring ar- 
rangement as shown in the illustra- 
tions, so that the nozzle can be shifted 
to any desired spot within the operat- 
ing radius of the tubing. 

The fan is powered by a one-half 
horsepower 2 or 3 phase, 60 cycle 
motor. Motors can be furnished for 
110/220/440 volts. Motors ordered for 
220 or 440 volts, 60 cycle, can be re- 
connected from one voltage to another, 
and can be used on a 50 cycle supply 
of the same voltage. 





Torque Indicating Wrench 
BONNEY FORGE & TOOL WORKS 


Bonney Forge & Tool Works, Allen- 
town, Pennsylvania, announces a new 
Torque Indicating Wrench for the 
proper installation of pipe flanges, coup- 
lings, cylinder heads on multi-cylinder 
gasoline and Diesel motors, pump and 
turbine casings, etc., where it is re- 
quired that all bolts be drawn up 
evenly in order to avoid the possibility 
of leaks. The new wrench for this pur- 
pose is known as the No. 66 Bonney 
Torque-Indicating Wrench. Features 
claimed for it by the manufacturer 
are that it includes ratchet mechanism 
that is reversible, lack of dials or 
gauges to get out of order or that may 
be damaged by careless handling. The 
handle does not swing free when the 
desired torque is reached because the 
ratchet mechanism locks, thus prevent- 
ing smashed fingers for the user. 


Bonney Torque Indicating Wrench. 








The manufacturer claims that the ac- 
curacy of the wrench is greater than 
the consistent performance of the bolts 
on which the wrench is used. Its small 
head permits use in normally inacces- 
sible places. It is not necessary to 
watch a dial or indicator to see when 
the desired torque has been reached, 
and there is no chance or error in 
reading a dial or gauge. 

Simplicity of operation is one of the 
features of the wrench. The indicator 


is set at the desired torque in fooi 
pounds. This is done by simply loosen- 
ing an indicator clamping screw, mov- 
ing the indicator to the desired position 
on the scale and then tightening the 
screw firmly. The ratchet lever is 
moved to the extreme left of the 
wrench. 

The wrench is operated just as any 
ratchet wrench until the ratchet lever 
snaps to the neutral position in center. 
A sharp “click” is heard and the ratchet 
locks as a further indication that the 
desired torque has been reached. 

To tighten the next bolt or nut it is 
not necessary to reset the wrench. The 
ratchet lever is simply moved back to 
position at the left of the wrench and 
the operation is repeated as on the 
previous nut or bolt tightened. Only 
when a change in torque is desired is 
it necessary to move the indicator. 


Welding Electrodes 
GENERAL ELECTRIC COMPANY 


General Electric Company, Industrial 
Department, Schenectady, New York, an- 
nounces three new arc welding electrodes, 
each protected by a heavy extruded coat- 
ing. These electrodes, designated as Type 
W-20E, Type W-22E, and Type W-23E, 
respectively, are intended for shielded arc 
welding of mild steel. 

Type W-20E welding electrode is espe- 
cially designed for general-purpose, single- 
or multiple-pass arc welding of mild steel 
in any position to produce _ shielded-arc 
quality in excess of that required to meet 
paragraph U-69 of the A.S.M.E. Boiler 
Code. It is particularly suitable for high- 
speed, single-pass welding and for jobs 





GASOLINE PLANTS 


Fabricated and Erected 


to your Specifications 


— 
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Crude Stabilization Units can be applied directly in the field, or by 


a simple modification of existing topping equipment, at the refinery. 
Alco designs for a variety of conditions are based on the para- 
mount principle—Economic Justification. 


THE PROFITS NOW LOST WILL PAY THE COST. 


LCo PRopUCTS 











a TT, DIVISION OF 
AMERICAN LOCOMOTIVE COMPANY AMERICAN LOCOMOTIVE SALES CoRP. 
THIRTY CHURCH STREET NEW YORK, N. Y.- ARTILLERY HOUSE, ARTILLERY ROW, LONDON, S. W. 1, ENGLAND 
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where fit-up is likely to be poor. Spatter 
loss is low; the weld bead is smooth, and 
slag is easily removed. The flux coating 
is hard and not readily chipped, or dam- 
aged by moisture. Ductility of the deposit 
is unusually good and resistance to corro- 
sion is comparable to that of mild steel. 

The electrode is recommended for oper- 
ation with alternating current or direct 
current (straight polarity). 

Type W-22E electrode is designed for 
high quality, single- or multiple-pass arc 
welding of steel in any position to produce 
shielded-arc quality in excess of that re- 
quired to meet Paragraphs U-68 and U-69 
of the A.S.M.E. Boiler Code. Ductility 
of the deposit is unusually good, and resist- 
ance to corrosion is better than that of 
mild steel. This is a fast-melting, smooth- 


flowing electrode and with it dense de- 
posits can be made without slag inclusions 
or gas pockets. Spatter loss is low; slag 
is easy to remove, and the weld bead is 
smooth. The coating is hard and not readi- 
ly chipped or damaged by moisture. 
Although vertical and overhead welding 
with this electrode is usually done with the 
5/32-inch size or smaller, the 3/16-inch 
size can be furnished with two types of 
coatings, one for overhead and vertical 
work and the other for horizontal welding. 
This electrode is recommended for use 
with direct current (reverse polarity). 
Type W-23E electrode is designed pri- 
marily for high-quality arc welding of mild 
steel in the flat position to produce shield- 
ed-arc quality in excess of that required 
to meet Paragraphs U-68 and U-69 of the 
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PHILADELPHIA, PA. 





HE Sharples petroleum research mencan 
look back on over twenty years world- 
wide contact with oil refining and centrif- 
ugals. Their laboratory iS physically entire- 
ly separated from Sharples non-petroleum 
research. Many of the world’s leading 
oil technologists have been their guests. 
By these contacts and by years of earnest 
search and study they have well earned 
their unique position in the application 
of centrifugal force to that field. Be it 
dewaxing or acid treating of lubricating 
stocks or pressure distillate or white oils, or 
any of numerous other uses of centrifugal 
force, these experienced men and their 


equipment are availableto the oil industry. 


The Sharples Specialty Company 


2335 WESTMORELAND STREET 














A.S.M.E. Boiler Code. Ductility is excel- 
lent and resistance to corrosion is better 
than that of mild steel. 

This is a high-current, or “hot” rod, 
so that the weld metal is quite fluid and 
washes up well on the side walls of deep- 
groove joints and fillets. Single- or mul- 
tiple-pass beads can be made at high speeds 
without slag inclusions or gas _ pockets 
Spatter loss is low and slag is easy to re- 
move. This electrode also has a hard flux 
coating which is not readily chipped or 
damaged by moisture. A modification of 
this electrode, is also available in coils 
with heavy taped coating for automatic 
welding. This type of electrode is recom- 
mended for operation with alternating cur- 
rent or direct current (reverse polarity). 


Gas Masks 


MINE SAFETY APPLIANCES 
COMPANY 


Mine Safety Appliances Company, 
Pittsburgh, announces improvements 
in its industrial gas masks, with broad 
selection of cannisters for protection 
against practically all poisonous indus- 
trial gases. Features of the M.S.A. in- 
dustrial gas mask are its light weight, 
wearing comfort and design that per- 
mit complete freedom of action. 
Through its use the wearer is protected 
and not hampered in the normal per- 
formance of his duties, it is claimed. 


Pipe Vise Stand 


THE OSTER MANUFACTURING 
COMPANY 


The Oster Manufacturing Company, 
Cleveland, Ohio, has just announced a 
new pipe vise stand of the usual type, 
but equipped with a power unit and 
chuck which enable the user to thread, 
cut and ream all sizes of pipe up to 
2-inch inclusive, by power. 

The pipe is gripped in a universal, 
bar-operated, scroll type chuck and is 
revolved by the power unit concealed 
in the upper part of the stand on which 
the pipe vise is usually mounted. 

The die-stock, cutter or reamer is 
placed on the pipe in the conventional 
manner with the handles resting on 
sliding arms which are built in the sides 
of the stand. When the power is turned 


Oster Power Vise Stand 
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on, the sliding arms take the torque 
of the pipe tools as the threading, cut- 
ting-off and reaming operations are 
performed. 

In appearance and construction, the 
new power vise stand is similar to the 
usual type. The power is furnished by 
a universal, variable speed motor, 
geared to the spindle holding the chuck, 
giving the chuck variable speeds from 
14 to 32 r.p.m. according to the load of 
the cut. The motor can be connected 
to the ordinary 110 volt lighting circuit. 

The legs of the stand are regular 
pipe of l-inch diameter, giving it a 
height of 40 inches. The width is 20 
inches and the length overall including 
carrying handles is 30 inches. 


Continuous Blowdown 


Assembly 


THE STRONG, CARLISLE & 
HAMMOND COMPANY 


The Strong, Carlisle & Hammond Com- 
pany, Cleveland, Ohio, has developed a 
new type of continuous blowdown assembly 
for boilers, designed to attack the prob- 
lems of accurate metering and valve main- 
tenance. The system is based on an initial 
pressure drop ahead of a special, steel 
blowdown valve. Pressure is reduced by a 
fixed Anum-metal orifice that determines 
the maximum flow. This results in a pro- 
portionate increase in volume due to re- 
flash. Accuracy of control through the 
blowdown valve therefore, is multiplied in 
the same ratio that the volume has been 


WOOre 
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increased. Regulation is made still more 
exact by the special restricted seat and the 
position indicator of the blowdown valve. 
At the same time, the reduced pressure 
subjects the valve to less severe service, 
greatly prolongs its life and reduces main- 
tenance. Standard valves are furnished for 
pressures to 650 pounds or temperature to 
800 degrees. 


Steam-Jet Ejectors 


WORTHINGTON PUMP AND 
MACHINERY CORPORATION 


_Worthington Pump and Machinery 
Corporation, Harrison, N. J., announces 
an improved line of two-stage, condens- 
ing type, single and double element 
steam-jet ejectors. 

_ These two-stage ejectors have sur- 
lace type inter and after condensers, 
and are generally used in connection 
with surface condensers serving tur- 
bines in steam power plants. They can 
also be used in industrial processes 
where valuable volatile constituents en- 
trained. in. the gases being. compressed 
can be recovered by condensing them 
in the inter and after condensers. These 
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FORGED STEEL FITTINGS 


On pipe lines carrying oil or gas at high pressures and 
temperatures, use W-S Forged Steel Fittings. 

Especially designed for oil and gas service, these easily 
applied, rugged fittings can be relied on for longer and 
more dependable service. 


For complete satisfaction and lower costs in pipe line 


maintenance, specify W-S Forged Steel Fittings. 








Write for information on 
the line of sizes and types 
available, or get in touch 
with your nearest supply 


house. 








THE WATSON-STILLMAN CO. 
ROSELLE, NEW JERSEY 








SAVES Costly Mercury Loss 
when Meter“Blows Over” 





MERIAM CLEAN-OUT 
WELL TYPE MANOMETER, *# 


Model CO is designed to save time, trouble and 
expense when excessive pressure causes blowing 
of the mercury. The upper gauge well serves as 
a trap preventing loss of the mercury. The fluid 
then automatically returns through the glass tube 
to the lower well. 

For use on moderate operating pressures, 
Model CO Manometers range in size from 12” 
to 100”. Moisture traps are available for use in 
measuring pressures of saturated gases or 
vacuum pressures of steam condensers. 

Accuracy, easy maintenance and quality con- 
struction are three excellent reasons for the wide- 
spread use of Model CO. Write for Bulletin No. 19. 


THE MERIAM Co. 


CLEVELAND, OHIO © Representatives and Jobbers in Principal Cities 














two stage ejectors can also be pro- 
vided with barometric jet type inter 
and after condensers for use in con- 
nection with industrial processes. 

The single element ejector is used 
primarily on small units where tem- 
porary shut-downs are permissible and 
where reserve ejector capacity is not 
essential. 

Each element of the twin unit is 
capable of handling normal capacity, 
and the unit is provided with suitable 
isolating valves to permit operation of 
either one or both elements. The spare 
element can be used for standby service 
or to take care of abnormal air leakage 
to the extent of doubling capacity. 


Among other improved details, the 
manufacturer states that these new 
units are equipped with removable 
monel steam strainers integral with the 
nozzle heads, to eliminate clogging of 
the nozzles and facilitate minor adjust- 
ments. Parts subject to high pressure 
have been fabricated of improved ma- 
terials, and safety valves are provided 
on the first stages of twin units to 
provide protection against closing of 
the interstage isolating valves at the 
wrong time. Overall dimensions have 
been reduced and designs for all sizes 
standardized. The performance of these 
improved units is approximately 20 
percent better than that of equipment 
heretofore furnished. 








Combridge offers. . . 





2 
New, Money-Saving 


Screen Cloth 


Fiscenriy developed after extensive research, this Mud 
Screen Cloth is metallic hook bound, rubber cushioned. It 
is particularly designed for use on standard type shakers 
for reclaiming and conditioning rotary drilling mud. 
Cambridge manufactures Wire Screens for use in all type 
screens. They are uniformly high in quality due to syste- 
matic and accurate control of every step of manufacture, in 
our own plant. They cost less, hundreds in use have proved 
they save you money in production. For information, consult 
the Cambridge engineer in your territory or write us. 


CAMBRIDGE: 


“eh. egal 


hi ago . ancsco 


WIRE CLOTH CoO. 


MARYLAND 


New Orleans 








Sight Flow Indicator 
FISCHER & PROCTOR COMPANY 


Fischer & Proctor Company, 110 
West Penn Street, Germantown, Phila- 
delphia, Pennsylvania, announce the de- 
velopment of the F & P Bull’s Eye 
Sight flow indicator, which is used for 
determining whether fluid is flowing 
through a pipe. It does not meter rate 
of flow, it simply indicates flow, if any. 





Sight Flow Indicator 


The indicator consists of a simple pipe 
fitting with two round sight glasses lo- 
cated on opposite sides and held in posi- 
tion by easily removed bolted cover 
plates. Neoprene or thiokol packing is 
used. Between the glasses is a flapper 
suspended in such a manner that it 
hangs against a seat when there is no 
flow. As soon as flow commences the 
flapper swings outward and upward to 
be easily visable to the operator check- 
ing flow through the line. 


Centrifugal Pump 


ALLIS-CHALMERS MANUFACTURING 
COMPANY 


Allis-Chalmers Manufacturing Com- 
pany, Centrifugal Pump Division, Mil- 
waukee, Wisconsin, has supplemented 
its line of single-stage “SSUnit” type 
pumps by adding a 24x 1%-inch two- 
stage “SSUnit” type pump good for 
heads up to 525 feet at 3550 revolutions. 
This pump has an efficient capacity 
range of from 50 to 100 g.p.m. against 
heads of from 300 to 500 feet. It is 
bolted to the motor frame by a splash- 
proof connection piece, the impellers 
being mounted on the special motor 
shaft extension, and the motor bearings 
also being the pump bearings like in 
their usual “SSUnit” construction. 

This pump is available with motors 
of from 10 to 30 horsepower of the 
standard squirrel-cage type, splash- 
proof or explosion-proof types, and is 
an adaptable pump for small boiler- 
feed pumps—humidifier pumps in tex- 
tile mills—air conditioning service— 
house pumps—small mine pumps—oil 
gathering, loading and small pipe line 
pumps and other small capacity, high- 
pressure services. 

It operates with unusual smoothness 
and the efficiency holds up well over 
a wide range. The standard pump has 
cast-iron casing and cover, and is 
bronze fitted. The impellers are placed 
back to back providing axial balance 
with the suction impeller next to the 
motor and the discharge passage from 
the first stage impeller cast integral 
with the main casing body and com- 
municating with a passage in the cover 
leading to the inlet of the second stage 
impeller. 
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PIPING 
of 
STEEL 










Transfer vapor line pipe 48” 0. D., %” thick, is made 
of steel plate. The ‘‘bellows’’ provide for the necessary 
expansion and contraction. 


Piping made of bamboo (a species 
of grass) has been used in Chinese oil 
refineries for over 1,000 years. In many 
of the older plants it is still used today. 

Modern methods of refining neces- 
sitate the use of piping fabricated 
from special steels, able to with- 


stand high pressures and tempera- 


tures, and extreme thermal variations. 
The transfer vapor line pipe illus- 
trated above is a recent example of 
special piping for refinery service fab- 
ricated in the Kellogg shops. 
Whether you require piping for a 
single unit or an entire piping system a 


Kellogg engineer will gladly assist you. 










THE M. W. KELLOGG COMPANY - JERSEY CITY, NEW JERSEY - 225 BROADWAY, NEW YORK > 


KELLOGG =: 


Los Angeles: 1031 South Broadway Houston, Texas 
Chicago: 122 South Michigan Avenue Tulsa: Philtower Building 
‘uly, 1938—A Gulf Publishing Company Publication 


““Masterweld”’ pressure vessels for the Power, Réfinery and Chemical Industries. 
Power Plant and Industrial piping. Heat Exchangers, Radial Brick Chimneys, 
Plastic Refractories. Cross, Holmes-Manley, de Florez and Tube and Tank 
cracking units. Gas Polymerization Units. Deasphalting, Dewaxing, Solvent 
Extraction, Acid Treating Plants, Absorption Plants and Pipe Stills. 
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Portrait of a 





]F this 6-inch elbow had been a flanged 
fitting assembly, it would have tipped 
the scale at 242 pounds instead of 27 
pounds. Moreover it would have con- 
tained 53 pieces instead of just one 
Taylor Forge Seamless WeldELL. 


If it had been a screwed fitting it 
would have been bulky and difficult to 
insulate. It would also have had interior 
shoulders which cause a flow resistance 
many times greater than the smooth-in- 
terior WeldELL. Worse still, on the or- 
der of 32% of the pipe wall would have 
been cut away by threading. 


But the engineer was progressive. He 
chose the modern way: WeldELLS—for 
added strength and added safety with 
lighter weight—for smooth-flow interiors 
—for sightly, easily insulated exteriors 
—for total freedom from pipe mainte- 
nance—for a better job at actually lower 
cost. Portrait of a “Modern” is right! 

The Taylor Forge line of seamless steel 
welding fittings contains the widest range 
of types, sizes and thicknesses. Large 
stocks are carried by distributors serving 


every branch of the oil industry Ask for 
WeldELLS. 


TAYLOR FORGE & PIPE 
WORKS 


General Offices and Works: 
Chicago, P. O. Box 485 
New York Office: 50 Church Street 


* TAYLOR FORGE 


WeldELLS 


Seamless Pipe Fittings for Welding 
* Trade Mark Registered 





80 








IGGS & COMPANY, Wichita Falls, 

Texas, has been appointed distrib- 
utors of the complete line of N.Y.B. 
& P. Mechanical Rubber Goods in the 
Wichita Falls district, it has been an- 
nounced by B. F. Ruether, general 
manager, New York Belting & Pack- 
ing Company. 


AYMOND M. DENNIS, who has 

been superintendent of flanging at 
Lukens Steel Company, Coatesville, 
Pennsylvania, has been appointed gen- 
eral manager of the flanging depart- 
ment in charge of estimating, sales 
and production on flanging work. 


LLEGHENY STEEL COMPANY 

and Ludlum Steel Company an- 
nounce that effective immediately the 
Pacific Coast business of both com- 
panies will be consolidated under the 
supervision of James H. Spade, 1417 
Santa Fe Avenue, Los Angeles. Com- 
plete. warehouse stocks of the products 
of both companies will be established. 


HE TIMKEN ROLLER BEAR- 

ING COMPANY announces the 
appointment of David T. Marvel as 
manager of tube sales. He will have 
full charge of the sale of all forms of 
Timken seamless steel tubing. His 
headquarters will be at the main office 
in Canton, Ohio. 


OWARD V. SMITH, of El Do- 

rado, Kansas, has been appointed 
chief chemical engineer of Barber As- 
phalt Corporation in charge of the 
company’s technical department, James 
E. Auten, president, recently § an- 
nounced. For the last 11 years Smith 
has been assistant superintendent of 
the El Dorado refinery of Skelly Oil 
Company. He is a graduate of the 
department of chemical engineering of 
the University of Kansas. 

J. Strother Miller, Jr., formerly di- 
rector of the technical department of 
Barber Asphalt Corporation, has been 
advanced to be technical adviser to the 
company. 


. K. MELLON, vice president in 

charge of sales and service in all 
territories, Petroleum Rectifying Com- 
pany, recently returned from a _ busi- 
ness trip to the Gulf Coast and left 
shortly thereafter for a more extended 
trip through the eastern and Great 
Lakes sections. He was scheduled to 
meet Gordon B. Hanson, district man- 
ager, and L. C. Waterman, district 
engineer, both of the Houston office, 
in Chicago; from which point his itin- 
erary eastward includes Pittsburgh, 
Philadelphia, New York City, and 
Cleveland. On the return trip, Mellon 
may also visit Buffalo and Montreal, 
returning to headquarters via_ the 
southern route and stopping for a short 
visit at the Houston branch. 


A J. WADHAMS, vice president 
and manager of Development and 
Research Division, of The International 
Nickel Company, Inc., has announced 
the establishment of a new field office 
located in the Grant Building, Pitts- 
burgh. _ 

The office is under the direction of 


VY BUSINESS NOTES VY 


H. V. Beasley, who for the past three 
years- has been attached to the New 
York office. 


The main function of this office will 
be to promote applications of Nickel 
alloy steels and products of the Hent- 
ington Mill and stimulate interest in 
Nickel cast irons and the use of Nickel 
in non-ferrous alloys. 

This is the fifth field office opened 
by the Division to give manufacturers 
in the various industrial districts 
prompt service in handling their metal- 
lurgical problems. Other offices are lo- 
cated in Los Angeles, Chicago, Detroit, 
and Hartford, Connecticut. 


TRUTHERS-WELLS Titusville 

Corporation has announced appoint- 
ment of Hyman Ledeen, 747 Ware- 
house Street, Los Angeles, as sales 
representative in the lower part of 
California, Arizona and New Mexico, 
and the western part of Texas. 


URPHY DIESEL COMPANY, 

Milwaukee, Wisconsin, announces 
appointment of William Mehler as 
Western district manager. 

Mehler has long experience in the 
Diesel field, and was at one time con- 
nected with one of the major fire ap- 
paratus builders, who also build Die- 
sels. He served this company for seven 
years in the capacity of field sales 
engineer. He left this company to go 
into the employ of a large motor prod- 





CALL US 


for the following 


TAYLOR FORGE 


PRODUCTS 


Flanges, Weldells, Welding Reducers, 
Welding Tees, Special 
Flanges, Orifice Flange Unions, Boiler Noz- 
zles, Welding Neck Nozzles, Spiral Welded 
and Spiral Riveted Pipe. 


Flanged Unions, 


PRINCIPAL ITEMS 
STOCKED IN HOUSTON 


THE 


CORBETT-WALLACE 
CORPORATION 


2418 Winter Street 
HOUSTON, TEXAS 


Distributors for 


TAYLOR FORGE & PIPE WORKS 


HOUSTON PHONE: C-5327; L. D. 363 
RIN SR iA ORR 8 
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An authoritative book on a field which 
has long felt the lack of such a volume. 


Chemical Refining 
of Petroleum 


V. A. KALICHEVSKY and B. A. STAGNER 
A. C. S. Monograph No. 63 


A notable contribution to the literature on modern 
refinery practice. It fills a very definite need in a 
manner which refinery executives, chemists and 
technologists will be quick to appreciate; the re- 
liable information it contains will be found in- 
valuable for use in every refinery. 


| CONTENTS BY CHAPTERS 


Treatment With Sulphuric Inhibitors of Atmospheric 


cid. Oxidation of Petroleum 
Sulphuric Acid Sludge from 


Products. 
etroleum Refining. Gums in Cracked Petroleum 
Treatment With Alkaline Products. 


Reagents. 

Sweetening Operations and 
Elimination of Elementary 
Sulphur. 

Refining by Absorption. 

| Use of Solvents in Refining. 


Deterioration of Lubricating 
and Similar Oils. 

Miscellaneous Refining Process 
and Reagents. 

Supplementary List of Patents 
on Petroleum Refining. 

Special Tables and Charts. 

Glossary of Terms. 

Patent Index. 


Reduction of Total Sulphur 
| in Light Petroleum Distil- 
lates. 

Detonation and Antidetonants. 
Oxidation and Reduction Author Index. 
Reactions. Subject Index. 


448 PAGES ILLUSTRATED, $7.00 
Send Check to 


THE GULF PUBLISHING COMPANY 
P. O. Box 2811, Houston, Texas 
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MULTIPORT 
PRINCIPLE 


A number of small discs 
instead of one single 
large dise— 


INSURES CONTINUOUSLY RELIABLE OPERATION | 
CocHRANE MULTIPORT RE vieF VALVE 


The Cochrane Multiport Valve, for the 
control of atmospheric relief, back pres- 




















for steam condenser service where posi- 
tive tightness under high vacuum is vital. 
They are giving protection in more than 
12,000 plants. If you want absolute in- 
surance against damages from _ relief 
no p y of j valves that now stick or jam, install 
tendency for chatter or seat-pounding. Cochrane Multiport Valves. Write for 
These valves are especially valuable copy of 16-page Publication No. 2710. 


Cochrane Corporation, 3115 N. 17 St., Philadelphia, Pa. 


sure, flow or check valve service, uses a 
multiplicity of small valve discs. These fit 
tightly against seats, yet are released freely ; 

ibili j ing or freezing—no 
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GARLOCK 









LEATHER PACKINGS 







1 Leather Cups 


2 Flange or Hat 
Packings 








$3 Washers, Dises or 
Gaskets 


4 “U" and “V” Pack- 
ings 




















Severe 
Service 


Through special tanning 
and treating of selected 
raw leather by an exclu- 
sive process, GARLOCK 
brings you Bitan Leather 
Packings—properly 
treated to operate successfully 
against extreme pressures and 
severe service conditions. 

Bitan Leather Packings are resistant to heat, acids, 
alkaline solutions, etc. The proper tannage and treat- 
ment to suit the particular service is used in filling 
each order. 

Garlock Bitan, Oak or Chrome Leather Packings 
are produced in all forms and sizes. One of these 
materials is suitable for every leather packing require- 
ment. Write for descriptive folder. 


























THE GARLOCK PACKING CO. 
PALMYRA, NEW YORK 


Tulsa, Oklahoma Los Angeles, Calif. 
= Houston, Texas 





























WANTED! 
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Your toughest 
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Heat Exchanger 


Cleaning Job! 















ucts company in the capacity of district 


‘ sales engineer. He has behind him 20 


years experience in the gasoline and 
Diesel engine fields, covering both 
building and sales engineering. He 
will be located at 255-10th Street,, San 
Francisco. 


































i OAKITE cleaning show you 
how quickly carbonized oil or 
scale deposits on exchanger sur- 
faces yield to powerful, penetrat- 
ing Oakite action. A solution of the 
recommended Oakite material, eas- 
ily made up and circulated through 
the equipment as directed cleans 
surfaces right down to the metal. 


Heat transfer capacity is fully re- 





stored. 


Save Time and Money 


Because exchangers need not be 
disassembled for an Oakite clean- 
ing, they are quickly put back into 
service. Time is saved. And money 
too . . . the economy of Oakite 


materials will surprise you. 


Hundreds of refineries are finding 
Oakite cleaning an invaluable aid 
in maintaining heat transfer at 
high efficiency. Write us for full 
information. No obligation. 






Manufactured only by 


OAKITE PRODUCTS, INC. 
50B Thames St., New York, N. Y. 


Branch Offices and Representatives in 
All Principal Cities of the U. S. 












TOM W. NELSON 


Heads Gulf Publishing Company 
Catalog Department 


FFECTIVE June 15, Tom W. Nel- 
son, for several years manager of 
the Chicago office of the Gulf Publish- 
ing Company, was made manager of 
the Composite Catalog Department of 
the company with headquarters at 
Houston. 
Nelson has been with the company 
since 1927, having served in both the 

















H. G. FITZPATRICK 


Representing Gulf Publishing Company 
at Chicago . 





Wherever oil is refined 
or shipped you will 
find Kinney Pumps 


and for the same reasons—re- 
liability, efficiency, and low 
upkeep cost during many years 
of service. 

From Halifax, Nova Scotia to 
Puget Sound; from Chicago to 
Galveston—in Mexico, Venezue- 
la, Brazil, Peru and the Argen- 
tine— you will find Kinney 
Pumps loading ships, unloading 
barges, charging stills, pump- 
ing asphalt, and doing a va- 
riety of useful pumping jobs. 

Shiploading in the Hawaiian 
Islands — charging sstills and 
handling hot oil in Japan— 
pumping fuel oil, kerosene, 
and asphalt in China — barge 
pumps in the Philippines — as- 
phalt, fuel oil, and other refin- 
ery units in the East Indies — 
tar pumps in India — barge and 
ship-loading units in the Bah- 
rein Islands, Iraq—asphalt 
pumps in Italy and Germany, 
and many many more! 

Write for Bulletin 15. 
NEW YORK 
30 Church Street 


PHILADELPHIA 
725 Commercial Trust Bldg. 


CHICAGO 
1202 Buckingham Bldg. 


DALLAS 
808 Santa Fe Bldg. 
LOS ANGELES 
1333 Santa Fe Avenue 


SAN FRANCISCO 
King-Knight Co. 






Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 7 











te) So ge we. 6 oy Bee 





DO | LOOK LIKE TH’ 
GOLD DUST TWINS? 





Nights, and Sundays too, I’ve 
put in, fixing regulating valves 
and controls...only to find 
that dirt and scale was caus- 
ing the trouble. 

Thought I’d ask the boss if 
I looked like the Gold Dust 
Twins. Instead, I just got some 
Strong Strainers and put one 
ahead of every valve and con- 
trol. Believe me, they do the 
job. Now, all I’ve got to do is open a few blow- 
off valves, and out comes the dirt and scale. 

Send for your copy of Bulletin 154 


STRONG 


STRAINERS 


The Strong, Carlisle & Hammond Company 
E 1392 West Third Street, Cleveland, Ohio 

















BUILT TO 


HIGH QUALITY 


7 =. & ce trio 7s 


Hardened steel pilot gears of liberal face, over-size 
shafts with non-corrodible sleeves, smooth acting 
rotors with adjustable’ packing strips, patented Hy- 
draulic Balance. These are some of the reasons why 
Waterous Rotary Pumps give years of service. Send 
for descriptive literature. 


WATEROUS COMPANY 


St. Paul, Minnesota 
Established 1886 


WATEROUS 


HEAVY DUTY 


Vee N VAD 
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JERGUSON 





REFLEX GAGES 


Year in, year out Jerguson has served the - 
industry, supplying these accurate, dependable 
gages for steam boilers and for indicating 
liquid levels in tanks, towers, stills, ete. Every 
oil man knows— 


The 
empty 
space 
appears 











The 
liquid 
shows 
BLACK 





Safe and dependable at all temperatures and 
pressures. Furnished with or without valves 
for every type of service. Full information 
upon request. 


-JERGUSON GAGE & VALVE CO. 


87 FELLSWAY 
SOMERVILLE, MASS. 


























- pETROLEUM 
REFINERY 


ENGINEERING 





Petroleum Refinery | 


E i i 
By W. L. NELSON 
Consulting Petroleum and Chemical Engineer, 


Professor of Petroleum Refining, 
University of Tulsa 


647 pages, 6x 9, 185 illustrations 
$6.00 


A guidebook for plant managers, superintend- 
ents, chemists, engineers, and other refinery 
men, Provides a complete engineering treat- 
ment of petroleum processing, emphasizing 
its relation to chemical engineering. Covers 
fundamentals, many details of the design and 
operation of petroleum equipment, economical 
aspects, etc. Includes illustrations or examples 
of almost all important calculations. 


Order from 


GULF PUBLISHING COMPANY 


3301 Buffalo Drive Houston, Texas 








Send 
¥ for the 
New 
Kerlow 
Catalog 


The new Kerlow catalog illustrates and de- 
scribes the various types of grating floors, safe- 
ty steps, and floor slabs. Send for your copy. 


KERLOW STEEL FLOORING CO. 


216 Culver Ave. Jersey City, N. J. 


Please clip and mail coupon today. Your copy 
will. be mailed at once. 


Name___ 


es 





Address_ 








City 
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Pittsburgh and Chicago territories in 
charge of sales in Ohio, Indiana, Illi- 
nois, Missouri, Michigan, Minnesota 
and Kentucky. 

H. G. Fitzpatrick, who has been han- 
dling Composite Catalog sales in the 
East, has been made manager of the 
Gulf Publishing Company’s Chicago 
office. Fitzpatrick came to the Gulf 
Publishing Company in 1936, from the 
Griswold-Eshleman Company, adver- 
tising agency of Cleveland, where he 
was connected with several accounts 
selling to the oil industry. 


NNOUNCEMENT has just been 

made of the establishment of a new 
steel drum manufacturing plant at Port 
Arthur, Texas, by Wilson & Bennett 
Manufacturing Company. 

This new modern plant, located at 
Washington & West llth Street, is 
expected to be in full operation soon 
and will be equipped with complete 
up-to-date production lines for manu- 
facturing all standard sizes of steel 
drums and barrels. 

This is the fourth manufacturing 
unit of this company—three of which 
have been equipped and put into oper- 
ation during the last five years—an 
unusual record of progress made dur- 
ing a period when business generally 
has not entered into expansion pro- 
grams. The other plants are located 
at Chicago, Jersey City and New Or- 
leans and sales offices and warehouses 
are maintained in 32 principal cities. 


. B. TREIDLER is now special rep- 

resentative for Air-Maze Corpora- 
tion, covering Southern California and 
Arizona. He is representing the com- 
plete line of Air-Maze air filters for 
oil field engine and air compressor 
applications. 

Until a few months ago Treidler was 
connected with Alpha Steam Specialty 
Company, New York City, an Air- 
Maze distributor. There he became im- 
pressed with the possibilities of han- 
dling the Air-Maze line in California, 
his “home territory,” where he had 
formerly spent many years working 
with industrial accounts. 

Accordingly, when Harvey L. Laugh- 
lin Company of 1315 E. 7th Street, 
Los Angeles, was recently appointed 
representative for Air-Maze, 
Treidler joined them to take charge of 
the Air-Maze account. 


HE American Sand-Banum Com- 
pany, Inc., of 9 Rockefeller Plaza, 


| New York, announces appointment of 
| The Great Southern Company, 822 Per- 
| dido Street, New Orleans, as its sales 
| agents in Louisiana. 


This company will work directly 


| with Western Sand-Banum Company. 


in Houston, which is the Gulf Coast 
District headquarters of the parent 
company. In the promotion of the 
product Sand-Banum The Great South- 
ern Company will co-operate closely 
with the leading supply houses in its 
area who also handle this boiler treat- 
ment. 


. J. B. RUTHERFORD, formerly of 

the research laboratory, United 
States Steel Corporation, Kearny, N.J., 
has joined the metallurgical: staff of 
The Babcock & Wilcox Tube Company 
as research metallurgist. 








p PACKING THAT HAs i | 
Mp | 


ano LONG LIFEIN Sepy 


BOR 








A packing especially designed for | 
pumps in the oil industry, handling 


BUTANE, NAPHTHAS 
and all Light Stocks 


Does not contain glycerine in its 


lubricating compound. 

Does not get hard and avoids over- 
heating and friction on the pump 
shaft. 





NOW | KNOW WHICH 
PACKING TO USE 
Write for 
Complete 
ABC 


Packing 
Chart 


Send for free working samples. State size. 


GREENE, TWEED & CO. 


Sole Manufacturers 
109 DUANE STREET, NEW YORK 





LEACH 


FRACTO 


CONDENSERS 


for High Pressure 
and Temperature. 


Also Heat Exchangers for Vac- 
uum and Atmospheric Service. 


Patented in the United 
States and Foreign 


Countries 


C. H. LEACH Co., Ine. 


117 Liberty Street, New York, N. Y. 


| 
| 


Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 7 











ir 











. 
UNCONDITIONAL GUARANTEE 


If this Housing ever 
Breaks or Distorts we 
will replace it Free. 








TOPE TST? 
THE RIDGE TOOL CO, 
ELYRIA, O. 






Costs...with this Really 
Guaranteed RIEFeID 


Millions of RIGID users find their 
wrench costs have dropped because this 
extraordinary wrench lasts far longer. 
They find their expense for wrench 
repairs cut fully 75% because of that 
RIGID guarantee. 
These savings are important these days. 
The safe all-alloy RIE0D does better, 
easier work. Safe powerful chrome mo- 
lybdenum jaws and handle. Adjusting nut 
always spins easily in all sizes, 6’ to 60”. 
Cut your tool expense—order RIFAID 
wrenches today from your Supply House. 


The Ridge Tool Co., Elyria, Ohio 


















8) The Wrench for Pipes Against 
Flat Surfaces—the handy RIG&ID End Pattern 


Grips pipes in coils, against walls or floor, 
in tight places — saving time and trouble. 
Buy from your Supply House. 


Fel les [Db PIPE TOOLS 
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to 24” Laboratory Thermometers 


@ Also available in 
standard models 
with head dia- 


meter 3 


tas ‘ 

complete ' 2 i 
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teed by WESTON 





a AS tT A | 
WESTON ELECTRICAL INSTRUMENT CORPORATION 
655 Frelinghuysen Avenue, Newark, N. J. 

Please send full particulars on all WESTON 
Industrial and Laboratory Thermometers. 
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Y CATALOGS ... BULLETINS y 


Helpful Publications Which Manufacturers Will Be Glad to Send Free for the Asking 


Pumps 


Ingersoll-Rand Company, Cameron Pump 
Division, 11 Broadway, New York, is dis- 
tributing Bulletin 7069 describing the new 
Ingersoll-Rand end-suction centrifugal pump, 
style CRV, which is built in capacities up to 
1000 gallons per minute for heads up to 500 
feet. The pumps offer single- or two-stage 
construction, open or closed impeller and 
motor, steam turbine, gasoline engine or belt 
drive. Photographs of several installations and 
complete tables of performances and dimen- 
sions are included. 


Cleaners 


Homestead Valve Manufacturing Company, 
Coraopolis, Pa., is distributing new literature 
describing two new models, J and K, of the 
company’s Hypressure Jenny, steam vapor 
spray cleaners used for removing grease, dirt, 
mud, oil, tar and other deposits from motors, 
chassis, parts, machinery, floors, walls, etc. 
The new models have greater accessibility, are 
more compact, do quicker and more effective 
cleaning, operate more economically and cost 
less than previous models, it is said. 


Valves 


Homestead Valve Manufacturing Company, 
Corapolis, Pa., has published the new Home- 
stead Valve Reference Book No. 38. This 
book features a wide line of lift-plug valves, 
boiler blow-off valves, and includes more 
complete dimensions, tables, and facts about 
Homestead valves. A new line of semi-steel 
500-pound oil, water and gas valves for the 
oil industry is described. 


Level Indicator 


The Reliance Gauge Column Company, 
Cleveland, Ohio, is distributing Bulletin No. 
382 describing its new Reliance Eye-Hye re- 
mote-reading liquid-level indicator for boil- 
ers, which brings the water gauges down to 
eye-level for safe convenient control. The 
company has also brought up to date its bul- 
letins on Reliance Boiler Alarms, Liquid- 
Level Control, Water Gauge Valves, and 
High-Pressure Water Gauge Equipment. 


Belting 


New York Belting & Packing Company, 
Passaic, N. J., has issued a 32-page belting 
data book designed to insure the most effi- 
cient application of industrial belts to the 
specific purpose for which they were de- 
signed. The book is packed with illustrations 
and information, including recommendation 
tables, cover thicknesses, horsepower tables, 
types of drives, tables of speeds, ply recom- 
mendations, tensions, belting layouts and so 
forth. 


Control 


The Bristol Company, Waterbury, Conn., 
has published bulletin No. 513 describing that 
company’s Metavane system of pneumatic 
telemetering, giving information regarding the 
use of this instrument, particularly in hazard- 
ous atmospheres, for recording and controll- 
ing flow, temperature, pressure and liquid 
level at a distance from the source of meas- 
urement. Bulletin 506 deals with the Meta- 
meter system for telemetering and remote 
control and in .this booklet the system is il- 
lustrated by photographs and chart records, 
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which give a few of the interesting facts re- 
garding an installation of these instruments 
for remote, automatic control of gas distri- 
bution pressure. In Bulletin No. 488 the com- 
pany describes a wide line of Millivoltmeter 
Pyrometers. This line includes indicator con- 
trollers with enclosed mercury contacts or 
solid metal-to-metal contacts, single point in- 
dicators and multiple-point indicators with 
rotary switch. 


V-Belts 


The Manhattan Rubber Manufacturing Di- 
vision, Raybestos-Manhattan, Inc., Passaic, 
N. J., is distributing a new 4-page Bulletin 
No. 6868, which describes technical details of 
the functions and construction of V-Belts of 
the Condor Whipcord type as produced by 
this company. Several interesting photographs 
of installations are shown and price list and 
a V-belt comparison table are included. 


Line Blind 


Hamer Oil Company, 2911 Cherry Ave., 
Long Beach, California, is distributing litera- 
ture describing the new Hamer Union Line 
Blind, a new positive shut-off that works 
with speed and safety. The bulletin describes 
the new line blind in detail and by means of 
drawings and photographs to supplement the 
text tells the complete story effectively. In- 
cluded in the catalog are descriptions of 
other Hamer products such as the E-Z Turn 
Plug valve, slush pump pistons and slush 
pump liner sleeves as well as pump valves 
and seats. 


Equipment 


Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., has published 
a new illustrated brochure ‘Westinghouse 
Equipment for the Petroleum  Industry,”’ 
which by means of text, drawings and photo- 
graphs presents information on that com- 
pany’s products for use in the oil industry 
from drilling rig to service station. 


Fire Fighting 


Walter Kidde & Company, 140 Cedar Street, 
New York, has published a revised bulletin, 
“Instant Death to Any Fire,’’ containing latest 
engineering and technical information on Lux 
carbon dioxide portable fire extinguishing 
equipment for use against electrical, flam- 
mable liquid, and many other fire hazards. 
The 4-page bulletin completely describes ex- 
tinguishers from the 2-pound size up to the 
100-pound wheeled extinguisher and auxiliary 
equipment. 


Vacuum Pumps 


F. J. Stokes Machine Company, Philadel- 
phia, has issued “Stokes High Vacuum 
Pumps,” which is a hand book on these 
pumps as well as a catalog. It catalogs five 
sizes of pumps from 10 to 225 cubic feet 
capacity and contains pump information of 
value to anyone working with vacuum in 
its higher ranges, from around 28 inches up 
to within a few microns of absolute. The 
handbook section is filled with data, charts, 
graphs, tables of interest and the book is a 
comprehensive presentation of the story of 
higher vacuums, its applications, advantages 
and economics in industry. 
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Asphalt Blending 


% Proportioneers, Inc.%, Providence, Rhode 
Island, has issued a new treatise on auto- 
matic asphalt blending called Standard Meth- 
ods No. 110. The bulletin illustrates and de- 
scribes typical Proportioneers continuous au- 
tomatic cut-back asphalt blending installa- 
tions, gives installation diagrams of Tret-O- 
Control equipment and Tret-O-Unit meters. 
The apparatus is completely described and all 
pertinent engineering information is included. 


Pum 

Ingersoll-Rand Company, 11 Broadway, 
New York, is distributing Bulletin 2390 de- 
scribing a new turbine-driven pump featuring 
a compact construction that combines both 
turbine and pump as one unit on a common 
shaft. The pump is built in single-stage sizes 
in capacities ranging from 5 to 1000 gallons 
per minute against heads as high as 220 feet, 
and in two-stage sizes from capacity to 275 
gallons per minute and heads up to 550 feet. 


Diatoms 


Johns-Manville, 22 East 40th Street, New 
York, has recently published a revised edition 
of the booklet ‘‘Research Puts the Diatom to 
Work.”’ The booklet describes the character- 
istics and history of the microscopic vege- 
table known as the diatom and tells of the 
research which has converted the tiny sili- 
ceous valve of the organisms into an indus- 
trial item of great economic significance. 
Written in interesting fashion in the language 
of the layman, it reveals how hundreds of 
different types of finished products are de- 
veloped mainly from raw material. 


Refractories 


Johns-Manville, 22 East 40th Street, New 
York, in Form DS Series 700, a new 20-page 
engineering data book, has made available 
full information on the J-M Line of refrac- 
tory products, including cements, castables 
and plastics. The descriptive material includes 
data on the character or base of each product, 
its highest working temperature, the number 
of pounds needed to set 1000 brick or. form 
one cubic foot of construction, and the form 
in which the product is furnished. One of the 
most valuable features is a comprehensive 
table which lists separately the various types 
of heated equipment used in a large number 
of industries. For each piece of equipment 
the table describes the parts requiring a re- 
fractory cement and recommends a specific 
product for the job. 


Carbon Cells 


Le Carbone Company, Inc., Boonton, New 
Jersey, has issued new literature on the newly 
developed Le Carbone air depolarized carbon 
cells. Bulletin No. 6 devotes one page to de- 
scriptions of instrument cells especially de- 
signed for use by users of instruments such 
as recording pyrometers and resistance ther- 
mometers. Long life and remarkably even 
voltage characteristics of these cells are great 
practical advantages in instrument work, it 
is said. 


Packing 


The Garlock Packing Company, Palmyra, 
New York, is distributing new literature de- 
scribing Garlock Bitan leather packings for 
such service as in hydraulic service against 
cold water, hot water, oils, gasoline, air, gas, 
and against slightly acid or alkaline solutions. 
Garlock Bitan leather packings are made as 
molded cups, ‘“U”’ or “V’’ packings, flange or 
hat packings, washers, gaskets or discs. 


Electrodes 


Harnischfeger Corporation, Milwaukee, Wis., 
manufacturers of P&H-Hansen Welders, has 
published Bulletin R-5, which gives complete 
and specialized information and data on each 


- of the many Smootharc Welding Electrodes. 


The bulletin includes spar tests, procedure 
sheets and many other informative sugges- 
tions to make it a valuable reference book 
for all welder users and operators. Its infor- 
mation is applicable where the job is weld- 
ing Man-Ten steel, chrome steel, stainless 
steel, manganese steels, nickel steel, etc., and 
in overhead, downhand or poor fit positions. 


Brick 


Harbison-Walker Refractories Company, 
Pittsburgh, has published a new bulletin 
“Super Duty Brick for Super Duty Service.” 
The context poihts out the factors which led 
to the development of these refractories in 
which definite properties have been developed 
to meet service conditions beyond the limits 
of high-heat duty fire-clay brick. The folder 
contains information regarding the manufac- 
ture, properties and applications of these re- 
fractories. 


